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The Madras Governmest 

Power scheme deperidy on 

stations such as Méttur Dam $f 

Metrovick  generafors, transfo 

Switchgear and protective apparatus, ¢ 

ij pi 

_ are used extengively on the system 
. Mettur station, contains 4 Metroyj 

12,500 kVA géferators. ' 
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Equipment for Bradwell 


All the switchgear comprising 

the main 132-kV air-blast circuit-breakers, 
6:6-kV, 3-3-kV, and 415-volt air-break 
equipment for auxiliary supplies, together 
with its associated control apparatus for 
Bradwell Nuclear Power Station is being 
supplied by Reyrolle who are responsible 
also for the reactor control-rod heads, 
the fission-products detection equipment, 


and the machining of the graphite blocks. 
Reeyrolle = specialists 


in switchgear 





and control-apparatus 
A. Reyrolle & Company Limited * Hebburn * County Durham * England 
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Turbine 
shafts 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


timited 


River Don Works, Sheffield 
A wholly owned subsidiary of English Steel Corporation Ltd. 











WATER POWER April 1958 3 





BUILDING 
ye FOR 
POWER 


Wi H Huwood Conveyors are in wide use, 
not only in Britain but throughout the 


world—one of their most important 


| applications being in the work of dam 
building for hydro-electric schemes 
They have been chosen because they 
offer the highest degree of adaptability 
to varying sites, the utmost reliability, 


and the minimum of routine 





a : eA 


Head Office and Factories : Rel, No. Ind/!20c/13! 


HUGH WOOD & CO LTD - GATESHEAD-ON-TYNE 1! 


INDUSTRIAL & EXPORT OFFICE: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 
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tas Kariba—largest 
\ turbine contract 


in Africa—to Boving 


for five Vertical Francis Turbines, 
each of 140,000 H.P. 
under a head of 282 ft. 





Pd 


—w AN 





——__ 


, > ‘ 


The contract includes manufacture, 
delivery, site erection and 


commissioning. 


SECTION 

THROUGH 

UNDERGROUND 

POWER 

HOUSE 
“eee 
= 





ovin 


& COMPANY LIMITED q 


WATER POWER ENGINEERS, 56 KINGSWAY, LONDON, W.C.2. 
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Brown Boveri supplied the five alternators for Riddes, owned by the Forces Motrices de Mauvoisin 
S.A., Sion; with its output of 335,000 kVA this is the largest hydro-electric plant in Switzerland 
Three ¢ kVA alternators were also supplied for Fionnay, the upper stage of this power scheme 


Our life each day 


is largely dependent upon electricity. Light, power, heat, radio, trans- 
port: each of these needs the energy obtained from the country’s 
natural resources. Brown Boveri products assist in exploiting these re- 
sources and, by placing them at your disposal, help to raise your stan- 


dard of living. 


Some of our products: 

Steam- and gas-turbine plants + machines and equipment for atomic power 
plants + electrical equipment for hydro-electric and diesel stations + airblast 
circuit-breakers and transformers for up to 400 kV ~- protective and regulating 
systems + mutators + contact converters - electric motors and control gear « elec- 
tric furnaces + welding equipment + carrier equipment for power system com- 
munications + broadcast and telegraphic radio transmitters - television transmit- 
ters * transmitting and rectifier tubes + electrical equipment for locomotives, 
trams, trolleybuses - marine propulsion machinery + turbo-compressers + blowers 
* exhaust-gas turbochargers 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 
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25000 HP 
HORIZONTAL 
SHAFT 
TURBINE 





WATER TURBINES, BUTTERFLY AND ROTARY VALVES 


BELL LTD. 
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Two 120,000 kVA and ten 60,000 kVA 
330,000 volts three-phase Trans- 
formers have been ordered by the 
Central African Federation Power 
Board for the Kariba Hydro Electric 
Scheme. This is the largest overseas 
transformer contract ever to be 
placed in the United Kingdom. 


, Seven 71,000 kVA, 301,400 volt 
single-phase Ferranti generator 
transformers and six 37,000 kVA, 
275,000 volt step-down Ferranti 
transformers have been ordered by 
the Aluminum Company of Canada 
Ltd. for the Alcan Project at Kemano 
and Kitimat, British ‘Columbia. 
Four of the generator transformers 
and all of the supply transformers 
ate now in commission. 


GARRISON DAM PROJECT 
Nine 33,333 kVA, 230,000 volt single- 
phase Ferranti transformers 
forming three 100,000 kVA banks 
have been supplied to the U.S. 
Army Corps of Engineers for the 
Garrison Dam Project, North 
Dakota. 


McNARY DAM PROJECT Six 
56,000 kVA, 230,000 volt, single- 
phase transformers have been 
ordered by the U.S. Army Corps of 
Engineers for the McNary Dam 
Project, Oregon. 


DALLES DAM PROJECT The 
contract covers eighteen 63,000 kVA, 
230 kV and three 63,000 kVA, 
115 kV, single-phase transformers 
for the U.S. Army Corps of 
Engineers Dalles Dam _ Project, 
Columbia River, 


Transformers 
for 
Hydro-Electric 
Schemes 


As specialists in the manufacture of 
transformers for more than 65 years, 
FERRANTI LTD. have been 
associated with many of the world’s 
largest hydro-electric schemes. 


More recent achievements include 
contracts for over 4,000,000 kVA of 
large high voltage power transformers, 
among which are :- 


Twenty-six Ferranti large power 
transformers have been ordered by 
the State Hydro-Electric Department 
of New Zealand. Thirteen 
14,800 kVA, single-phase, 50 cycles, 
11/220 kV transformers have been 
supplied to Roxburgh, and thirteen 
9,259 kVA, single-phase, 50 cycies, 
11/220 kV transformers have been 
supplied to Whakamaru. 


Three Ferranti 20,000 kVA, OFB, 
3-phase, 50 cycles, 132/33-66 kV 
transformers with on-load tap 
changing gear and two Ferranti 
10,000 kVA, ON/OB, 3-phase, 50 
cycles, 132/33 kV transformers with 
on-load tap changing gear have been 
supplied for the Damodar Valley 
Power Scheme in India, 


Visit our Stand No. M9 at the A.S.E.E. Exhibition, March 25th to 29th. 


FERRANTI LTD *‘ HOLLINWOOD ~* LANCS 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2. 
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For trackless loading 


¢ SALZGITTER 


pee THROWSHOVEL LOADERS 
& 2G 


SALZGITTER on crawler-carriage, 
svg ST +i bucket capacity 10 cu. ft. 


Manoeuvrable to the very spot you want to 


clean up. 


The bucket being wider than the carriage, it 


can be forced into the heap without being 


blocked by crawlers. 


Ample clearance below bottom of carriage. 


Bucket automatically fixed 


in lifted position during 


transport. 


Discharge height up to 5 fe. 


les service facilities are 
psal on demand. 





SALZGITTER MASCHINEN AKTIENGESELLSCHAFT 
SALZGITTER-BAD 


Company Limited, 6! Pall Mall, London, S.W.! Telephone Whitehall 5315 


First reversible pump-turbine of the 
adjustable-blade type in the Western 
Hemisphere was this SMS axial-flow unit 
installed at the Traicao Pumping Plant 
on the Pinheiros Canal, Sao Paulo, Brazil 
in 1940. A second was installed in 1950, 
and the third is scheduled for completion 
late in 1958. Each unit is rated at 

1,800 CFS pumping capacity under a 
23-foot head, will generate 3,450 HP 





THIRD SMS PUMP-TURBINE UNIT ORDERED FOR 
TRAICAO PUMPING PLANT 


York. Each of these units is rated at 28,000 HP when gener- 


These SMS adjustable-blade, axial-flow, pump-turbines at 
lraicao are the first reversible pump-turbines designed and manu ating, and at 3,400 CFS when pumping. 

factured in this hemisphere, and probably the only axial-flow In addition to single-reversible, dual-purpose units like those at 
units of this type in the world. SMS also manufactures other [raicao, Pedreira, and Tuscarora, SMS helped pioneer pumped- 
types. At the Pedreira Plant in Brazil, for instance, a more ¢ dn storage. The first large-scale application of separate pumps and 
turbines in the U. S. was for Connecticut Light & Power Com- 
pany’s Rocky River Plant, built in 1926. Here an SMS-Francis 
turbine, rated at 36,100 HP under a 226-foot head, was installed 


ventional centrifugal pump-turbine was installed in 1947. This 
SMS unit, operating under a 91.8-foot head, pumps 1,497 CFS 
at 138.5 RPM, and is rated at 16,000 HP when generating 

hese installations are part of a broad background of experience 
Recently, the Power Authority of the State of New York has in the engineering, designing and manufacturing of pump-turbines 
placed an order with S. Morgan Smith for the manufacture of that is available to you at SMS. For information, write to S. 
six pump-turbines for the Tuscarora Plant at Niagara Falls, New Morgan Smith Company, York, Pennsylvania. 


S. MORGAN SMITH HYDRODYNAMICS 


AFFILIATE MORGAN SMITH, CANADA LIMITED TORONTO 


More Power To... 
Fon wie 


«4 > 
ferme” 


Licensee: The Harland Engineering Company, Ltd Alloa, Scotland . Tokyo Shibaura Electric Co. Ltd., Japan 


Rotovalves « Ball Valves « R-S Butterfly Valves e Free-Discharge Valves « Liauid Heaters e Pumps ¢ Hydraulic Turbines & Accessories 
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POWER GALORE™> 
—the electric storm represents the uncontrolled 
element of Electricity in all its wasted fury. Such 
power, properly controlled, is of immense service to 
mankind. 

In modern electrical supply systems and efficiently 
performing its share of the work implied in the 
comprehensive term “control”, is a great deal of 
“Ferguson Pailin” Switchgear of various types. 

Among these are the bulk-oil circuit-breakers, type 
XOPR54 and type XOPR60, for outdoor service 
The XOPR60 circuit-breaker is remarkable in that it 
is the first circuit-breaker of its type, manufactured in 
Great Britain, capable of interrupting and making 
fault currents equivalent to 5000 MVA at 132kV. 
The tests to prove this rating were conducted in 
accordance with the requirements specified in British 
Standard 116 (1952) and a corresponding A.S.T.A. 
Certificate has been issued. 

The circuit-breaker is ideally suitable for heavily 
interconnected systems and has been liberally 
designed for use under any climatic condition. 


hes Ba: ae Yitz 





“hye yh} 


a 
i 
é 
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Another interesting unit operating at 
a much lower power level is the 
I1kV, type ‘‘OFS’’ fuse-switch—an 
adcptable design which can be 
Type XOPR 60 Oil Circuit-Breaker connected in various arrangements 
with other units of the circuit- 
breaker and oil-switch types. 


© i . aie - 
a ad Y > 
Ferguson Pailin ouwite Qaim 
An A.E.1. Company e © 
Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROyisden 1301 (Pte.Branch Ex) 
LONDON OFFICE : Bush House. Aldwych, W.C.2_ BIRMINGHAM OFFICE : Windsor House, 656 Chester Road, Erdington, 23 Gl,ASGOW OFFICE : Central Chambers, 109 Hope Street, C.2, 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 


<4 
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20 ton * TRAVELIFT’ Cableway 
handling 8 cu. yd. capacity bottom 


discharge concreting bucket. 


BRECO Ropeways and Cableways have been 
supplied and installed for operation under 
most extreme climatic and topographical 


conditions throughout the world. 


BRECO — Sole manufacturers of ‘ Travelift’? 

Cableways, outside the North American Continent. 

TRAVELIFTS are especially suited to 

high speed heavy construction work, 

Literature available on request. member of 
the 

Glover Group 









BRITISH ROPEWAY ENGINEERING CO. LTD., 


Plantation House . Mincing Lane, 
London, E.C.3 





Tele phone Vineing Lane 7901. 
T'elegra 


elegraphic Address: Borhauling, Fen, London. 
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HYDRAULIC LABORATORY 


In their own laboratory M:A:N investigate and test on models all 
problems relating to hydraulic engineering. Here in the picture, 
the model of a large weir plant with 35 openings is set up. 
What is being checked in this instance is the appropriate position 
and shape of the gates, weir axis and turbine intake channel. 
Erosion behind the weir was, by correct shaping, brought 
down to a minimum, and silting-up of the catchment basin up- 


stream of the weirs eliminated in the simplest and safest manner. 


MASCHINENFABRIK AUGSBURG-NURNBERG AG GUSTAVSBURG WORKS 


GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
WATER POWER April 1958 13 











building a prototype? 


» Better see us about the castings. Our design staff understand 

















« both sides of the problem. They know every aspect of 
foundry practice and they’re sound engineers in their own right 

> too. They can translate your exact specification into a cast 
x eS form entirely free from structural fault. The rest is up 
~~ to our metallurgists and foundry engineers. 
" be” RS, Their aim is quality and accuracy and they hit the 
— f 


mark every time. Birkett, Billington and 





Newton’s technical teamwork can tackle 


all your problems—and solve them. 


CASTINGS FROM A FEW 
OUNCES TO 10 TONS... 
in phosphor-bronze, gun-metal, aluminium-bronze, 
manganese-bronze, and light alloys. Precision 
machined bushes and bearings. Specialists in 
high-tensile aluminium-bronze castings, centrifugal- 
cast wheel blanks, and chilJ-cast rods and tubes, 


NON-FERROUS CASTINGS 
PRECISION MACHINED BUSHES AND BEARINGS 





T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY,; Phone: Stoke-on-Trent 22184/5/6,7. LONGPORT, Phone: Stoke-on-Trent 87303 
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PELLIZZHARI 


ELECTRIC AND HYDRAULIC MACHINES 


ARZIGNANO - Italia 


LIGGA PUMPING STATION (SWEDEN) 


3 (three) Electrically driven Pumping Units, 
type BLLV 125 

Capacity: litre/minute 2300/2400 

Head: metres 40/38 

Absorbed power: h.p. 29.5/30 

driven by electric motor, type NUV 300/4-h.p. 36 








TECHNOEXPORT 


WATER POWER April 1958 





New Way over Norway 


The Painter’s View 














ton produced—that is why / 
Painter Brothers’ towers are 
: Towers of Strength. 


* The Hols-Oslo Line designed by 
Blaw Knox Ltd., London 
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Stretching through Norway’s mountain 
valleys a line of steel towers* carries 
comfort and power to the farms and 
fjords—electricity to the roof of the 
world. Throughout the world engineers | 
know that they can rely on towers 
made by Painter Brothers, for 30 RADIO 
vears of specialised experience in the — 
* 
abricz é . galvanising ae 
fabrication and hot-dip galvanising of pLEcTRICAl 
mass-produced structures, coupled / TRANSMISSION 
: / 
with the knowledge gained from { TOWERS AND POLES 
/ 
the operation of their tower / j 
. CALLENDER-HAMILTON BRIDGES 
testing plant, go behind every / 


Painter Bros. Ltd. 
HEREFORD—ENGLAND 
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in Switzeriand 


and the world over 


Bucyrus-Erie excavators 
are consistently preferred 


Five §4-B Bucyrus-Erie 2} cubic yard Ward-Leonard electric shovels 
loading blasted moraine rock for use on the huge concrete dam at 

Grande Dixence, Switzerland, nearly 9,000 ft. above sea-level ; once more, 
and in still another country, proving that Bucyrus-Erie excavators are 
preferred for maximum output and reliability in tough conditions. 


BUCYRUS -ERIE COMPANY 


South Milwaukee, Wisconsin, U.S.A. 


BUCYRUS 


ERIE 


RUSTON-BUCYRUS LIMITED, LINCOLN, ENGLAND 


WATER POWER 
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Manually peers counter-balanced fixed roller gate 
(10’ 0” x 8’ 0”) for river control 





Screw operated sliding 
gate for Fish Pass 





Fully automatic, electrically operated weir 
gate for upstream level regulation 





ALL TYPES OF WATER CONTROLLED GATES ARE MANUFACTURED BY 


ae FIELD 


THE ARMFIELD HYDRAULIC ENGINEERING CO. LTD. 
RINGWOOD, HAMPSHIRE, ENGLAND. Phone Ringwood 760. Grams Hydraulics, Ringwood 
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Se8 &EaSeei é 
Avenue de Beauvert 
Téléphone 44-55-30 


PARIS XVI« 
5 Ru e B ellini 8 
Téléphone : PAS 51-09 
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Soc. Idroelettrica Alto Chiese Cimego 
Hydro-Electric Power Station. Single phase 
transformers comprising 2 three phase banks 
of 110,000 kVA each—13,800/220,000 V. 
—50 cycles. Arrangement of one of the 


three phase banks. 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 


EQUIPMENT 4 


we” 














CAP DE LONG: Self-hooped penstock for the 

Pragnéres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. ; 

Diameter 2.25 to |.60 metres, Power 200,000 H.P. 


PASSY: Penstock bridge over the River Arve, 
in the French Alps. 
Span 72 metres, Diameter 3 metres. 





ETAB'TS- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 
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PREMADIO POWER STATION 
WO 105,000 H.P. PELTON UNITS HEA 
| ee we 

















HYDRAULIC STEEL STRUCTURES 


ae 
». Fs 
. 


AAGNER- BIRO A. 
QRAZ 


WHEN 





Roller Chain Gate 4 x 6.4 m. for a water pressure 
of approx. 2.100 tons at 88 m. water column, 
manufactured for the Snowy Mountains Hydro- 


Electric Authorities, Australia. 


WAAGNER-BIRO 


AKTIENGESELLSCHAFT 
wien GRAZ 


Head Office... WIEN V., MARGARETHENSTRASSE 70 
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DREES u. CO. GMBH. ABT. 15, WERL GERMANY 
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In the open — A. O. Smith penstock 
mounted on concrete anchor blocks in Rio 
de Janeiro. Upper portion is single wall and 


lower portion is multi-layer construction. 


A. 0. Smith engineered penstocks... backed by rigid customer protection controls... 
meet the challenges of high hydrostatic heads, large diameters 


The proven performance record of 
A. O. Smith welded steel penstocks 
results from this ideal combina- 
tion: Rigid customer protection 
controls and depth of experience 
gained as one of the world’s larg- 
est manufacturers of welded steel 
pipe and pressure vessels. 
Especially engineered for medi- 


um and high heads. . . small and 


large diameters . . . combinations 
of single wall and multi-layer con- 
struction, every penstock part is 
subjected to these quality con- 
trols. Components must conform 
tostrict material specifications and 
welding procedures. Radiographic- 
examinations, stress relief, hydro- 
static testing and all other quality 


checks are exceeded. 


WATER POWER 


All penstocks for delivery outside 
the United States are completely 
shop-fitted and match-marked 
before shipment. 

Put A. O. Smith penstock de- 
sign experience to work for you! 
For further details, write A. 0. 
Smith International S. A., Admin- 
istrative Offices: P. O. Box 331, 
Milwaukee 1, Wis., U.S.A. 


April 1958 











Underground — Twenty foot diameter 
A. O. Smith penstock section in Rio de 
Janeiro, is brought to exact position inside 
the tunnel for welding to preceding section. 








or underground 


) Exclusive MULTI-LAYER Construction 


— saves up to 15% in the weight of steel required for 
high pressure penstocks of conventional design — with 
no sacrifice in safety factor. Multi-layer penstocks cost 
much less to ship and to install. Field welding is easier 















tside — requires no stress relieving. 
etely 
rked 
Through research<§ 
‘ de- se 
you! 
\. O. * *® 
‘ Cross section of typical A. O. Smith MULTI-LAYER 
min- j construction illustrating girth seam weld. 
331, INTERNATIONAL S.A. 
Administrative Offices: 
P. 0. Box 331, 


Milwaukee 1, Wisconsin, U.S.A. 
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BTH 275kV switchgear at Castle Donington, ; el 
C.E.A. East Midlands Division 


KARIBA 


Che two million pound order awarded to British Thomson-Houston for the Kariba 
Hydro-electric Scheme includes 23 oil circuit-breakers of the BTH lenticular type. 
These units are a direct development of those installed on the 275kV British Super-Grid. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - WILLESDEN - ENGLAND 


Member of the AEI group of companies 
ASHeU 
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Drill parallel holes 
at sustained high speed 
—with the improved Holbit 


You'll cut drilling time and improve blasting efficiency with the Holbit. 
Made only by Holman — in a factory laid out especially for the purpose — 
the Holbit is tungsten-carbide tipped and designed to drill straight, even- 
diameter holes at a fast, constant rate. Fewer drill rods and fewer steel 
changes are needed. And the amount of compressed air used by smaller 
steel drills is greatly reduced. 

Single chisel and cross types are made in many sizes and in grades of 
carbide to suit every sort of rock. They can be used with any type, size and 
make of drill. 

Holbits can save you a mint of money. Fast drilling, fewer steel changes, 
less transport, less compressed air. And improved blasting. 

What are you waiting for? 








pays ... with its life 


PNEUMATIC EQUIPMENT 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 


The Holman Organisation is world-wide. It includes the Climax Rock Drill & Engineering Warks Ltd., 
and has agents, branches and technical representatives throughout the United Kingdom and in 84 other countries. 
Telephone: Camborne 2275 (10 lines) Telegrams: Airdrill. Telex, Camborne London Office: 44 Brook Street, W.1 Telephone: Hvde Park 9444 HJ2? 
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The placid pools, lakes and slow-moving streams beloved by frogs 


provide water for larger rivers that in turn can become one of 


man’s chief sources of power. 


Wherever there is falling water a water turbine can be irstalled— 
the simplest and most reliable form of prime mover—no fuel bills, 


long life, little maintenance and requiring only unskilled attention. 


GILKES are specialists in the field of small hydro-electric units ; 





CORNER MES we can supply installations to operate on any head from 3 feet 


Found abundantly all over the 
to 5,000 feet (or | metre to 1,500 metres) and to develop 


British Isles, Rana tem>oraria, the common 
any output up to 1,000 kilowatts on low heads or 10,000 kilowatts 
frog, feeds on insects, worms. slugs etc., 

he higher h ’ 
taking its food mainly at night on os 8 eads 


Frogs breed as soon as they emerge from 
If you wish to make the fullest and most economic use of your 
their winter hibernation and then leave the 


woter, living in damp ploces on land potential water power, let GILKES advise you. 
In coloration, the common frog is most 
variable and may be grey, olive, brown 


yellow or red above, 


with darker spots and markings. 








{,400 B.H.P. Francis turoine for New Zealand 


GILBERT GILKES & GORDON LTD 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office. CRAVEN HOUSE. KINGSWAY. LONDON WC.2 Telephone HOLBORN 3231 G79 
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THE FIRST. UNDERGROUND POWER STATION 


. 


Part of one of the contracts entrusted to The Mitchell Construction Company, the 

Ceannacroc Power Station, excavated out of solid rock, is the first major power 

station to be constructed completely underground in the British Isles. The Company's 

other contracts carried out at Glen Moriston for the North of Scotland Hydro- 
} 


L 
Electric Board included the construction of the Loyne and Cluanie Dams together 


with. six miles of tunnelling and all associated intakes and ancillary works. 


MITCHELL CONSTRUCTION GOMPANY 


WHARF WORKS PETERBOROUGH 


rg. ‘ 
Pitt 
4 





/ MITCHELL \ 4 
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from the 
user's point 
of view 





an 





tool has 
everything 


, | Ingersoll Rand 


air equipment 


{ 
A BRITISH MADE 


< 


INGERSOLL-RAND CO LTD 165 QUEEN VICTORIA STREET LONDON EC4 TEL CEN 568! 


SCOTTISH )FFICE 20 RENFREW STREET GLASGOW C2 TEL DOUGLAS 1233 GRAMS INGERSOLL GLASGOW 
P.626 
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Dispersion Valves by VOITH - HEIDENHEIM 
For Bottom Outlets 
















The VOITH all-welded dispersion valves offer an 
economic and efficient means of regulating the 
flow of discharging water. The operating forces are 
extremely small and the design is such that the 
water energy can be dissipated by simple means. 
VOITH Dispersion Valves are available for hand, 
electrical or hydraulic operation. They operate in 
any intermediate position free from vibrations. 


The photos show hand- and motor-operated VOITH 
Dispersion Valves. Top: Outlet dia. 3ft. 
Bottom: Outlet dia. 8ft. 








S 


J. Ms. VOITH GMBH - HEIDENHEIM - GERMANY 
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. Post Insulators 
were used for the 


New South Wales 


MLL 
all 


Public Works Department for 


Burrinjuck Sub-Station. 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 
Department system equipped throughout with S.P.P. Post Insulators for 110 kV and 66 kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. Telephone: Stourport 2271 Telegrams: Steatain, Stourport 
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Kaplan Turbines of gigantic size 













The KMW Works at Kristinehamn are now hard at work manu- 
facturing the Kaplan turbines for Jarkvissle—the last power station 
on Sweden's most exploited river. Nearly everyone in Sweden will 
know we refer to the River Indal although they may not be aware 
that 80% of the power stations on this river are equipped with 
KMW turbines. This means that 12 of the 15 stations have KMW 
turbines or, in other words, 14 million KMW-horsepower harness 
the mighty flow of the Indal. 


But to revert to Jarkvissle, the picture shows parts of the guide 
apparatus for the first unit. The vertical turning mill in the back- 
ground, which weighs 525 tons and has a power consumption of 
200 H.P., can take workpieces up to 50 ft. in diameter. This enor- 
mous Capacity is necessary to deal with large components as for the 
Jarkvissle turbines. 


These turbines will each develop a normal output of 59,500 H.P. 
at a head of 45 ft. The runner will be one of the largest in the 
world, having a diameter of 25 ft. Both turbines are planned to be 
in operation by the end of 1959 and the Swedish Power Board will 


then add another to its string of power stations on this river system. 


, AB KARLSTADS MEKANISKA WERKSTAD ‘sweoen 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd. 607 Shell Tower Building, Montreal 2 
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Lake Oberaar, 7,550 ft. above sea level, 


in the Bernese Oberland, Switzerland 





“are supplying the four largest 
High-Lift Storage Pumps 


in the world for the Ffestiniog 
Hydro-Electric Power Scheme of [ia 
the Central Electricity Authority 
in North Wales 






Working data of each pump: 
Discharge 278,520 g.p.m. 
Head 1,000 ft. 
Speed 428 r.p.m. 
nput, mean 94,600 H.P 
max. 110,000 H.P 


The following high-lift storage 
pumps for hydro-electric power 
schemes are also in hand: 


Liinersee (Austria) 
49,250 g.p.m., 3,182 ft., 54,750 H. P. 


Motec (Switzerland) 
43,050 g.p.m., 2,060 ft., 30,400 H. P. 





Sulzer Brothers Limited, 
Winterthur, Switzerland 


Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C. 1 


alsols lol aehilate| : 


ie Caney Sonnet EF 25,100%H.P. storage pump for the 


Grimsel-Oberaar Power Station 





WATER CONTROL GATES 





a TX oe eal 


nS 


. 
~ yet . el ee 


| MANCHESTER SHIP CANAL 
j § Ten wheel gates 30ft. span by 17 ft. 6in. deep 
HYDRO-ELECTRIC - IRRIGATION 
FLOOD CONTROL - WATER SUPPLY 
LOCKS and DOCKS 


Contracts carried out in all parts 
of the world 


& 
= 


a» > a 


RANSOMES & RAPIER LTD. IPSWICH ENGLAND 
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The above photo shows 
Casing for 150,000 HP 
Francis Turbine to be 


installed in the Sahkve HITACHI’s alternators are backed by more than fifty years of inde- 
Power Plant, India. aE ; ; 2 
fatigable research and engineering experience. Several thousand 
HITACHI alternators in a wide variety of capacities have already 
been supplied with satisfactory results to power plants both at 
home and abroad. 


WATER TURBINES MERCURY RECTIFIERS 
STEAM TURBINES POWER TRANSFORMERS 


soars INDUCTION REGULATORS 

A.C. GENERATORS STATIC CONDENSERS 
CIRCUIT BREAKERS 

D.C. GENERATORS DISCONNECTING SWITCHES 

FREQUENCY CHANGERS LIGHTNING ARRESTERS 

ROTARY CONVERTERS SWITCHBOARDS 


e 7 
_ ittochy Ltd. 
Tokyo Japon 
Cable Address: “HITACHY” TOKYO 
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“VOLPATO” 


COMPLETE EQUIPMENT FOR H.V. LINES FROM 30 KV TO 380 KV 
SUB STATIONS AND POWER PLANTS - COMPRESSION MATERIAL 


HIGH-GRADE SPECIALIZED MANUFACTURERS — 35 YEARS OF EXPERIENCE 














Bs RR. 


Siege 





TOTAL EQUIPMENT FOR THELONGEST 220kVOVERHEADLINE 
IN AFRICA - Connecting Haut Katanga (Belgian Congo) to Northern 
Rhodesia - (Le Marinel - Jadotville - Kitwe) Twin Conductors - 510 km 
















SOC. ELETTRO-MORSETTERIE VOLPATO-VIA B. CAVALIERI. 3-MILANO-ITALY 
CATALOGUES AND PRICES ON REQUEST 
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BALFOUR BEATTY 


& CO. LIMITED 


HYDRO-ELECTRIC PLANTS + DAMS + RESERVOIRS 
WATER SUPrrnhts ° SEWERAGE WORKS 
TUNNELS . AQUEDUCTS ° IRRIGATION 





A COMPLETE ENGINEERING SERVICE FROM THE 
PRELIMINARY INVESTIGATION TO THE COMPLETION 
AND MANAGEMENT O F AN Y PROJECT. 





Head Office 
66 QUEEN STREET + LONDON €E.C.4 


and at 


EDINBURGH + TORONTO + BAGHDAD + NAIROBI 
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Carry Uhingo wages fwefhér 


Storey Uniflotes—versatile floating construc- 
tion units—offer great scope for the con- 
struction of floating platforms of virtually any 
size or plan and for many different purposes. 
Typical uses are for building landing stages, 
floating stages for harbour and bridge works, 
lifting camels, floating cranes and bridges, 
ferries, barges, and storage vessels, etc. 


The illustration shows the N’kata Bay Land- 
ing Stage, constructed from sixteen Uniflotes, 
decked with Storey Steel Decking and con- 


nected to land with Bailey Access Bridges. 


Photo by courtesy of Sir William Halcrow 


& Partners. 


Full information obtainable from: 


PMOS.STPORE (¢inrec) HPD» 


WORLD LICENSEES FOR THE MANUFACTURE AND 


SALE OF BAILEY BRIDGING 


PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


ie a ee ae oe 


LONDON ENGLAND 





ENQUIRIES TO LONDON SALES OFFICE:6 VICTORIA STREET 
ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES; MICROFAB LONDON 


TELEPHONE: 
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* WESTMINSTER SWI 
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Al 
the 
Dam 





Glenfield Gates in various forms, such as Direct-Lift, Drum, Tilting and Radial, have 
been supplied for many important Hydro-electric Works to give efficient and reliable 
control on spillway crests. 

Illustrated, are views of the 90 ft. span =< 16 ft. deep Glenfield Drum Gates that are 
installed on the Pitlochry Dam of the North of Scotland Hydro-electric Board's Tummel!- 
Garry Scheme. 

The order was recently secured, against world competition, for the spillway crest gates 
for the Warragamba Dam project in Australia. These will comprise a 90 ft. span < 25 ft. 
deep Drum Gate and four 40 ft. span = 42 ft. deep Radial Gates. 


Head Office and Works: KILMARNOCK, SCOTLAND 





GLENFIELD & 








a4 
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VIA INTERNATIONA 








CAMARGOS 
ITUTINGA 
SAO MIGUEL 
INFERNO 
FUNIL 
FURNAS 





Six integrated hydroelectric power projects with a 
combined power potential of 1,400,000 kilowatts! That’s the 


scope of a vast engineering project in the heart of the 


SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 


Rio Grande basin, state of Minas Gerais, Brazil. Already e Reconnaissance and Surveys 
producing vitally needed power for diversified industrial e Preliminary Analyses and Evaluation 
and commercial needs is Itutinga ne Camargos is under e Estimates, Financing Plans and Project Recommendations 


construction . . . economic feasibility studies and e Design Drawings and Construction Specifications 


preliminary design have been completed for the others — ¢ Analysis of Bids and Bid Recommendations 


all engineered by the International Engineering Company. ¢ Detailed Construction Drawings 


e General Engineering Supervision 


e Final Reports and Record Drawings 


INTERNATIONAL ENGINEERING COMPANY, INC. : ss. | Foracomplimentary 
COREE 8.04 6:0066N 0406-605 5 454 R65 BREESE EO Fins Gutbasdedwewseesnes . && copy of our 16-page illustrated 
74 New Montgomery Street * San Francisco, California, U.S.A ; + a brochure, write to Dept. 2-] 
A subsidiary of Morrison-Knudsen Company, Inc. : 
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Constructed by Careful Craftsmen 





























10,000 k.V.A. UNITS 





AT DELHI ‘B’ POWER STATION 


YORKSHIRE ELECTRIC 
TRANSFORMER CO. LTD. 


THORNHILL, DEWSBURY 
YORKSHIRE 


aaa YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 
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CALIFORNIA-OREGON 
POWER COMPANY... 


another 100% 
Dresser-Coupled penstock 


Two views of Yamsay, Oregon, uncovered penstock of California-Oregon Power 
Company. This is a 100% Dresser-Coupled line...3847 ft. long, 55 ft. sections,from 
126-in. diameter at inlet to 88-in. at outlet. Wall thickness varies from % inch 





plate to 1-7/16 inch. 





Each Dresser Coupling is engineered to meet 
the pressure at each portion of the penstock 


Near Yamsay, Oregon, you’ll find an- 
other impressive argument for using 
steel-pipe penstocks and Dresser 
Couplings. This penstock (described 
above) is owned by The California- 
Oregon Power Company,.was engi- 
neered by Pioneer Service and En- 
gineering Co. The line is 100 per- 
cent Dresser-Coupled...the only type 
of joint which could be individually 
tailored to the pressure requirements 
at each portion of the penstock. 


UP TO 26% LIGHTER 


The Dresser method saves money by 
permitting the use of lighter wall, 
high tensile steel pipe. Weight sav- 
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ings can amount to 25 percent... re- 
sulting in lower freight and handling 
costs, lighter equipment on the job. 
There are no fussy lining-up opera- 
tions as with welding and riveting. 
The flexibility of the Dresser Cou- 
pling compensates for slight mis- 
alignments caused by grade varia- 
tions. With the Dresser method, you 


Bradtord, 

Pennsyivania 
Chicago 
Houston 
New York 
Philadeiphia 
San Francisco 
Toronto 


get a stress-free line, bottle-tight 
for life. 

If you’d like to see technical data 
on a number of other Dresser- 
Coupled penstock installations, write 
for illustrated brochure. Before you: 
draw up specifications, make sure 
you have all the facts on steel pipe 
joined with Dresser Couplings. 


DRESSER 


MANUFACTURING DIiVISIion 
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OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Oi BATTACLIA TERME SpA 


circuit breakers, isclating 
switches and measuring 
transformers for 220 kV 
Somplago Power station 





Officine Elettromeccaniche Galileo build electrical equipment for medium, 
high and ultra-high voltage, travelling cranes, gates of any type, racks, 
rack rakes and any other metallic frame for hydro-electric plants 


barrage on the Volturno river 
five automatic sector gates 
25 mt. wide; 375 me. high 


For offers and details, please enquire to: Officine Elettromeccaniche Galileo, Servizio 


Commercio Estero, via Larga, 26, Milano (Italy) — Phone: 877895. Grams: Elettroga, Milano 
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10-RB % cu.yd. dragline dyke-cleaning 
in the Fens 
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30-RB 1 cu. vd. shovel loading rock 


22-RB transit crane with 80’ boom operating with out-riggers set 
in a road stone quarry 


TARSLAG LIMITED of ROTHERHAM aow include two of these machines in their hire fleet 


| Discrimination and Excavation 


Under present economic circumstances, more than ever before, the 
contractor needs to discriminate before he decides to purchase equip- 
ment vital to his needs. 

Consideration of the Ruston-Bucyrus range of excavators, particu- 
larly in the universal group of 2 to | cubic yards capacity, will 
suggest a ready solution to your excavating problems. The four 
machines in this category : 10-RB 3 cu. yd., 19-RB § cu. yd., 22-RB } 
cu. yd. and the new 30-RB 1 cu. yd. with air control, are ready and 
waiting to be applied to that new contract where their ability to do 
more work quicker and at Jess cost will increase your profit margin. 





Write now fo? information on the size of machine in which vou are interested 19-RB § cu.yd. dragshove excavating 
pipe trenches for a water supply 


UCYRUS 


| RUBTON - 





RUSTON-BUCYRUS LIMITED, EXCAVATOR SPECIALISTS, LINCOLN 
THE COMPLETE RANGE OF RUSTON-BUCYRUS EXCAVATORS IS FROM # TO 6 CUBIC YARDS CAPACITY 
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Penstocks, pressure shafts linings, 


Substation steel structures 


Gantry and overhead travelling cranes 


Pylons, water gates 


¥ 
PS 


pas 


Downstream portion of the Grande Dixence Fionnay Power Station distribution pipe during ten- 
sometric shop tests. Max. wall thickness 52 mm., service pressure 96 at., test pressure 12] at. 


GIOVANOLA rosie, switzertan 
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.LEFFEL BUILDS ©. 
: GIANT « 
"HORIZONTAL TURBINE: 


- FOR F 
PLEASANT VALLEY.- 
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Name 


Company. 


HYDRAULIC 
POWER FOR 96 YEARS 


MORE EFFICIENT 


Address 
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FREE LITERATURE 
THE JAMES LEFFEL & COMPANY 
Dept. W, SPRINGFIELD, OHIO, U.S.A. 


C] Please send me more information on Leffel hydraulic turbines. 


[] Please have your representative call. 





The low net head of 68 ft. at the Pleasant 
Valley Power Plant near Los Angeles 
required the design and construction by 
Leffel of a giant, horizontal spiral case 
turbine unit. This turbine, rated to develop 
3,520 H.P. under the net head of 68 ft. 
at a speed of 257 R.P.M., drives a hori- 
zontal generator. A common shaft carries 
both the generator rotor and the stainless 
steel runner. A synchronous by-pass valve 
allows adjustment of flow for both turbine 
and by-pass discharge to meet water pas- 
sage requirements. Photographs here 
show this giant turbine in various stages 


' of production at the modern Leffel plant. 





Leffel has the technical know-how and 
modern plant facilities to design and con- 
struct efficient, economical, rugged tur- 
bines of most types and capacities. And 
Leffel provides fast, complete service. 
Field engineers are available to assist you 
in the original planning of your project, 
and to help you with the actual installa- 
tion of your turbine. 

If you’re planning a new project, or the 
rehabilitation or expansion of old facil- 
ities, and you want fast, complete service, 
contact Leffel, producers of top perform- 
ing turbines. Mail the coupon below, 
today, for complete information. 


LEFFEL HELPS YOU PRODUCE MORE 
POWER FOR PROGRESS 


1102-E 


ee] Eee 
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and the same again please! 


A further 39 miles of 138kV submarine 
power cable is to be made and laid by 
















A repeat order for this the BICC Group from the mainland of 
British Columbia to Vancouver Island. 
Submarine Power Cable, This contract, awarded by the British 
Columbia Electric Company, follows a 
worth $3,500,000, has been year’s successful operation of the existing } 
P power link which was supplied by BICC. 
placed with the BICC Group. Again the cable will be made by BIC 


(Submarine Cables) Ltd., and laid by 
the BIC Construction Company, both 
members of the BICC Group. 


CABLES 


THE name fot cables-tvebywhthe 





-_— 














BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 


Branches and Agents throughout the World. 
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POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


Water Power Reassessed 


N the light of fundamental changes in the world 
ato of power production it is becoming neces- 

sary to reassess the harnessable water-power poten- 
tial on very different criteria from those previously 
used, for exploitable potential can no longer be esti- 
mated merely on the basis of its intrinsic economic 
value but also on its suitability for being “teamed 
up” with existing and projected thermal and nuclear 
plant. 

In at least two countries in the world our colleagues 
who are concerned with thermal power developments 
have begun to install generating units with single 
boilers of 275 MW capacity. The Central Electricity 
Generating Board, in Great Britain, is actively plan- 
ning a 550 MW turbine-boiler installation in a single 
unit. The high efficiencies obtainable with these very 
large units will inevitably lead the system operation 
authorities to endeavour to load them up with the 
highest possible proportion of the base load, ruth- 
lessly shutting down less-efficient and even quite 
modern but smaller stations to achieve this end. 

In Europe the six Euratom nations have embarked 
on a joint programme, with the collaboration of the 
United States Atomic Energy Commission, for a 
nuclear power programme which is provisionally 
fixed at 12,000 to 15,000 MW of plant by 1967. There 
are, of course, nuclear programmes in addition in 
Great Britain, Sweden, India, the U.S.A. and the 
U.S.S.R. All these nuclear plants will need flexible 
partners—and only water power can provide the 
necessary suppleness of output to permit the nuclear 
plants to operate economically. 

The thought underlying the relationship between 
nuclear generating plant and water power has been 
stressed in this joutnal on several occasions: but it 
now appears that much of the “conventional” thermal 
power-producing plant will also need a willing and 
flexible partner to enable it to fulfil its promise of high 
efficiency, or at any rate of overall economic saving 
taken over the years. 

In the past, the student of electrical power produc- 
tion has been told that water power, in broad terms, 
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was expensive in first cost and cheap in regard to 
running cost, whereas coal- or oil-fired steam plant 
was relatively cheaper in first cost and dearer in run- 
ning cost; and that this running cost, with perpetual 
labour-rate increases, was always liable to rise. But 
this relationship may well change significantly. 

As yet, in making a reassessment of a country’s 
water-power potential, account has mainly been 
centred on kWh per annum. For example, in Scotland, 
the 1921 Water Power Resources Committee esti- 
mated the available potential at 1:88 million MWh 
per annum, the 1938 Committee gave a figure of 1-972 
million MWh, the 1942 Cooper Committee produced 
an estimate of 4 million MWh, and the 1944 Annual 
Report of the North of Scotland Hydro-Electric Board 
increased the last figure to 6°274 million MWh. The 
important point to realise is that the value of such 
capacity to a country as a whole may be much greater 
than the value of these low-cost units in themselves; 
if this greater potential is harnessed in such a way as 
to bring in more reservoir capacity than was at first 
thought possible and more pumped-storage capacity, 
it could not only bring its own direct benefits but in 
addition make possible the economic operation of 
highly efficient coal-fired plants, and to provide the 
essential flexibility for nuclear plants of any kind. 

The basic reason why the relationship between the 
capital and running costs of hydro schemes and the 
corresponding figures for thermal plants may alter 
in the near future really hinges on this question of 
storage. This may be of the pumped variety or in 
the form of natural reservoir storage, with quick- 
starting plant, automatically controlled (perhaps even 
from a national control centre many hundreds of miles 
away), ready to take the peaks and to drop off to 
allow the nuclear and large thermal plants their full 
measure of base load. It may well become economic 
to develop very low-head schemes in shallow valleys 
where extensive submersion, due to the inhabited 
nature of the surrounding country, would be impos- 
sible; and such projects, hitherto considered as un- 
economic from the simple viewpoint of annual pro- 
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duction of kWh, may well be found to have a very 
different economic significance when taken in con- 
junction with a country’s system as a whole. It will 
be necessary that these projects should be developed 
at the least possible capital cost. In this matter the 
development of the submerged bulb-type plant for 
very low heads is likely to become of world import- 
ance. 

Obviously it is possible to develop storage-type 
projects only where favourable topographical condi- 
tions exist, and it may be that the energy from these 
sites will have to be carried by transmission lines hav- 
ing capital costs and annual losses of their own. But 
the development of power transmission progresses 
rapidly. The most recent line of progress, the use of 
high-voltage direct current, has meant that at least 
water gaps such as the English Channel and the Cook 
Strait are no longer insurmountable barriers, while the 
Russian developments in this field show that for the 
large blocks of power and the great distances with 
which the U.S.S.R. engineers are concerned, the new 
direct-current system is economically advantageous. 

There is thus little need to fear that the economics 
of the development of remote hydro schemes will be 
unnecessarily bedevilled by transmission costs. The 
normal alternating-current methods, with the steady 
rise in voltages and the use of such devices as series 
capacitors to reduce cost (by increasing transmission 
capacity for a given conductor size and length of line), 
have improved, in the economic sense, very greatly 
in the last two decades. 

The new role of water power is likely to be that of 
the willing, patient partner, essential to a country’s 
power economy; and a reassessment of harnessable 
projects in that light will inevitably become desirable 
in the next few years. 


International Study Session, Liége 


AN International Five-Day Study Session devoted 
to modern thermal and hydro-electric power plants 
is to be held in Liége, Belgium, from May 27 to May 
31, 1958. The conference is promoted by the “Asso- 
ciation des Ingénieurs Electriciens sortis de I’Institut 
Electrotechnique Montefiore (A.I.M.),” and the 
papers presented will be read in four separate sec- 
tions: Steam Boilers, Steam Turbines, Water Turbines 
and Alternators. A detailed programme of the con- 
ference and other information can be obtained from 
“Secrétariat des Journées A.I.M.,” 1, rue de Spa, 
Liége, Belgium. 


Progress on Second Vancouver Island 
Cable 


Bc. ELECTRIC’S second 132 kV submarine cable 
circuit between the mainland and Vancouver Island 
will be completed in August. The Ocean Layer, from 
which five cables were laid across the Gulf of Georgia 
in 1956, will return to Vancouver at the end of May 
in preparation for the laying of two additional cables. 
The contract with British Insulated Callenders Cables 
Ltd. for manufacture and installation of the additional 
submarine cable totals $3,500,000 and installation of 
overhead sections of the circuit will cost an additional 
$1,050,000. There will be one spare cable under the 
sea when the job is complete. 
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Work has begun on a second 230 kV line between 
Ingledow substation, in Surrey, and Arnott substation, 
in Delta. This line, which will duplicate on steel 
towers the 230 kV wooden-pole line constructed be- 
tween these two substations in 1956, will be completed 
in September 1959. This will make greater blocks of 
power available to meet growing needs on Southern 
Vancouver Island and in the Delta area. 

B.C. Electric plans call for eventual construction of 
four 230 kV lines suspended on two sets of steel 
towers between these two major substations. The 
additional lines will be erected as growth in the Delta 
and Vancouver areas indicate they will be needed. 


Table Rock Equipment 


THe U.S. Army Corps of Engineers has placed a 
further order for Table Rock power station, White 
River, Missouri, with English Electric Export and 
Trading Company Limited. The new contract, 
valued at some $220,000, is to manufacture and de- 
liver a second generator transformer for the station, 
which is a duplicate of the one ordered from the com- 
pany in November 1955. It is a 90,750/121,000 kVA, 
132/161 kV, three-phase, 60 cycles power trans- 
former, with all accessories and spare parts. 

The transformers are of the two-winding, oil- 
immersed, self-cooled, forced air cooled, class 
OA/FA, dual-rated, inert gas-filled, three-phase type, 
suitable for outdoor operation and will be built at 
the company’s Stafford works. 


Hydraulics Laboratory Extension 


A NEW extension to the hydraulics division of 
George Wimpey and Co. Ltd.’s central laboratory at 
Hayes, Middlesex, has been constructed to augment 
existing facilities for hydraulic model investigation. 
From early beginnings with the Volta River scheme, 
as recorded in our March 1955 issue, a steadily in- 
creasing number of model investigations has been 
made by the central laboratory, including the Berkeley 
and Bradwell nuclear power stations, breakwaters for 
Port Talbot harbour, and irrigation structures in 
British Guiana. 

The hydraulics laboratory is supplied with water 
through a 15 in. main under a constant head of i8 ft., 
provided by an overhead supply tank of 12,000 gal- 
lons capacity equipped with a spillway and return 
pipe to a 24,000 gallon underground reservoir. Water 
is raised from the reservoir to the overhead tank by 
three centrifugal pumping units, each of 25 h.p. Per- 
manent insta!lations within the building include a 4 ft. 
flume, a 4.000 sq. ft. wave tank, and a measuring 
flume of 47 cusecs capacity. Instrumentation facilities 
include adjustable weirs, electronic tide and current 
reproduction panels, a 40 ft. wide wave generator, 
high-speed photographic apparatus, and various 
devices for precision measurement of water and bed 
surfaces. 

The models at present under investigation in the 
laboratory represent a wide range of studies. A typi- 
cal model is a reproduction of a six kilometre reach 
of the River Euphrates made to a scale of 1 in 200. 
This model is being studied as part of an investiga- 
tion into a new bridge known as the Fallujah road 
bridge. It is necessary to verify that the proposed 
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arrangement of piers, training works and protection 
will be adequate, and the builders also have to assess 
the effect of the proposed bridge on the river banks 
and the navigation channel. Other models under 
study are of the Mujarrah escape for flood relief at 
Habbaniyah in Iraq, Penang harbour in Malaya, and 
the Salaverry harbour in Peru. 


Tenders to be Called for Cameron 
Highlands 


HE Central Electricity Board of the Federation of 
Malaya are about to invite tenders for the civil- 
engineering work of Stage I of the Cameron Highlands 
hydro-electric scheme, which will be situated in hilly 
and jungle-covered country about 100 miles north of 
Kuala Lumpur. The Board already have under con- 
struction a small hydro-electric project at Robinson 
Falls which will supply power locally to the Cameron 
Highlands area. 

When completed, the Stage I development will 
make a major contribution to the Board’s system, 
adding over 100 MW to the installed capacity and a 
potential average annual output of 320 million kWh. 
The works, which are designed to utilise the waters of 
the rivers Bertam and Telom, will include 15 miles 
of tunnels, a dam 120 ft. high, three diversion weirs, 
two power stations and 110 miles of transmission 
lines. The larger power station will be located under- 
ground and will house four 25 MW Pelton sets operat- 
ing under a gross head of about 1,880 ft. Four three- 
phase 11/132 kV transformers will also be located 
underground. The smaller station will accommodate 
two 2,150 kW Francis sets. 

Consulting engineers for the scheme are Messrs. 
Preece, Cardew and Rider, with Messrs. Binnie, 
Deacon and Gourley advising on civil-engineering 
aspects. 


North of Scotland Hydro-Electric Board’s 
Report 


THE report for 1957 states that during the year the 
Board increased the capacity of their power stations 
to 711,310 kW and generated 1,913 million kWh of 
electricity. Consumers increased by 12,433 and now 
included 86% of the potential consumers in the area. 
During the year, 103,000 kW of generating plant was 
brought into commission, of which 30,000 kW was 
steam plant and the remainder hydro-electric. The 
total plant now in operation has a capacity of 
729,326 kW and produces 1,980 million kWh per 
annum. Schemes under actual construction have a 
capacity of 147,650 kW and others that have been 
promoted but on which work has not yet started will 
have a capacity of 35,000 kW. Survey work is being 
actively pursued and it is estimated that hydro 
schemes in course of promotion will be capable of 
adding a further 779,250 kW of generating plant to 
the above figures. 

The Board published three schemes during the year 
—the Strathfarrar and Kilmorack scheme, the Awe 
scheme, which includes provision for the construction 
of the first large-scale pumped-storage hydro-electric 
development in Scotland, and a small scheme to pro- 
vide additional water to existing plants on the River 
Moriston and at Storr Lochs in Skye. Survey work 
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continued in the area of the Upper River Findhorn 
and in Glen Nevis. Exploratory borings are in hand 
at some of the sites being considered in these areas 
and also on the River Snizort in Skye. 

Investigations continued into the development of 
the water-power resources at Loch Laidon, and on the 
River Tay at Kenmore and Grandtully. The possibil- 
ity of a development to utilise the difference in level 
between Loch Fada and Loch Maree is also being 
examined. 


Japanese International Dam Exhibition 


THE Japan Dam Association is sponsoring 
an international exhibition in Tokyo from 10-15 
April, 1958, devoted to the interchange of dam-ccn- 
struction techniques. The exhibits will be classified 
into three groups—World Dams, Japanese Dams, and 
Dams and Natural Life—and will include models, 
photographs, and examples of construction equip- 
ment. Unfortunately, it was not possible to publish 
this note before the closing date for applications from 
intending exhibitors, but details of the exhibition can 
be obtained from The Japan Dam Association, Daiwa 
Bank Building, 2-chome, Nihombashi-Horidomecho, 
Chuo-ku, Tokyo, Japan; cable address: Damkyokai 
Tokyo. It will be recollected that one of the most 
ambitious projects recently completed in Japan was 
the Sakuma dam, 504 ft. high by 965 ft. crest length, 
on the Tenryu river, built with the aid of American 
equipment. One of the world’s largest cupola dams 
is being built for the Kurobe IV project under the 
guidance of Electroconsult, an Italian consulting or- 
ganisation, and will be 530 ft. high by about 1,160 ft. 
crest length. It is scheduled for completion in 1960. 


Bibliographical Index of Hydro- 
Electric Construction 


THE United Nations Economic Commission for 
Europe (ECE) has just published the first volume of a 
bibliographical index of works dealing with hydro- 
electric plant construction. 

This compilation has been published at the request 
of a group of specialists entrusted by the Committee 
on Electric Power with the task of studying the pros- 
pects of reducing building costs for hydro-power 
stations and the effect of mechanisation in that con- 
nection. It contains information on Czechoslovakia, 
the Federal Republic of Germany, Finland, France, 
the United Kingdom and the United States of 
America. The titles of the works contained in the in- 
dex are accompanied by a brief abstract and are pub- 
lished in their original languages. A second volume 
will be distributed in due course and will incorporate 
information subsequently communicated by other 
countries. 

The present document contains 90 pages and may 
be obtained from the Sales Section, European Office 
of the United Nations, Palais des Nations, Geneva, or 
from Sales Agents for United Nations Publications. 
Price $0-60; 4s. 6d. stg.; 2°50 Sw. fr.; or equivalent in 
local currencies. 








Brno Trade Fair. Czechoslovakia is renewing its 
tradition of trade fairs by organising an International 
Trade Fair at Brno from September 7 to 18, 1958. 
It will be a specialised fair devoted to engineering 
products. 
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Fig. 13. Upstream view of Fedaia dam from right bank 


Some SADE Developments 


In this article the topography and characteristics of the Piave 

catchment are considered, and the power developments in the 

western section of this catchment, comprising the Cordevole 

and the lower Piave, are described. The north-eastern system 
will be described in our next article 


PART TWO 


the power fed into the SADE network is derived 

from the rivers flowing generally south and south- 
east from the Eastern Alps and the Dolomites into 
the Adriatic, particularly the Adige, the Brenta, the 
Piave and its major tributary the Cordevole, the 
Cellina and the Tagliamento. Developments of com- 
paratively long standing are in operation on all these 
watercourses, and on the Adige and the Brenta no 
further schemes are in prospect, but in all the other 
catchments we have mentioned, important new 
schemes have recently been completed, are in course 
of construction, or are projected. In this and succeed- 


At explained in our previous article, the bulk of 
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ing articles, therefore, we propose to discuss in turn 
each of the catchments concerned, with special refer- 
ence to the programme of new development in each 
case. We shall follow a geographical sequence from 
west to east, commencing with the Piave and the 
Cordevole, and proceeding to the Cellina and finally 
to the Tagliamento. 


The Piave Basin 

The map of the Piave basin, showing the river and 
its tributaries and the general scheme of development, 
is given in Fig. 12. 

The catchment area above Nervesa, where the 
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river emerges into the Venetian plain, has an extent 
of 3,899 sq. km. and is shaped like an irregular quad- 
rilateral bounded by Mt. Peralba (2,693 m.) on the 
north-east, the Sella range (3,152 m.) on the north- 
west, Mt. Grappa (1,776 m.) on the south-west, and 
Mt. Cavallo (2,250 m.) on the south-east. The highest 
peak bounding the area is the Marmolada (3,342 m.), 
to the north-west, and the mean altitude of the basin 
is 1,276 m. During its journey of 156 km. from its 
source to Nervesa, the Piave falls 1,756 m., and from 
Nervesa it descends a further 70 m. over a course 
of 64 km. to the sea. 

The Piave commences as a mountain torrent on 
the southern slopes of Mt. Peralba, and after being 
joined by the Silvella, Frisone and Padola, reaches 
its first major right-bank tributary, the Ansiei. This 
river originates in Lake Misurina and has a catch- 
ment of 241 sq. km. As the Piave continues to the 
mountain overlooking Pieve di Cadore, the Piova, 
Cridola and Talagona flow in from the left and the 
Molina from the right at Perarolo, the next major 
tributary, the Boite, enters from the right. The Boite, 
which has a catchment area of 395 sq km., rises on 
the flank of Croda Rossa (3,119 m.) and passes 
through the region of Cortina d’Ampezzo in the heart 
of the Dolomite country. 





Continuing downstream past several smaller tribu- 
taries, the Piave reaches Longarone, where it receives 
the Vaiont on the left and the Maé on the right. 
Below Longarone the river begins to broaden out, 
passing Val Gallina on the left, until, at Ponte nelle 
Alpi, it turns south-west to pass through the Belluna 
valley before making a wide loop eastwards to Ner- 
vesa. This change of direction from south to south- 
west is interesting and important, for there is abundant 
evidence to show that originally the river continued 
almost due south through the Lapisini Lakes (S. 
Croce, Morto, Restello and Negrisiola) to emerge 
into the Venetian plain at Vittorio Veneto, finally dis- 
charging into the channel system of the Sile and the 
Livenza. Various theories have been put forward to 
account for the diversion. It was also believed that 
at Fadalto pass a landslide from Mt. Sochero in A.D. 
365 was responsible, the Lapisini Lakes being formed 
by the draining of the original river bed, but more 
probably the occlusion of the valley at Fadalto has 
glacial origin. 

After traversing the Belluna valley, the Piave 
reaches Sedico, where it is augmented by its most 
important tributary, the Cordevole. This river is 71 
km. long and has a catchment area of 876 sq. km. 
It rises under Passo Pordoi (2.239 m.) in the Sella 
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Fig. 15. Section and detail of Maria al Lago dam 


range, and receives the waters of the Pettorina, which 
descends from the Marmolada on the right, and the 
Fiorentina, from Mt. Pelmo (3,168 m.} on the left. 
It then passes through Lake Alleghe, is joined by the 
Biois, Corpassa, Tegnas, and other smaller streams 
as it passes Agordo, and before reaching its confluence 
with the Piave, is augmented by an important right- 
bank tributary, the Mis. 

Rainfall and run-off records taken throughout the 
Piave catchment over a period of 25 years, from 1923 
to 1947, show an average precipitation of 1,395 mm., 
corresponding to a specific rainfall of 44-2 litres per 
sec. per sq. km. In this period, the wettest year (1926) 
showed a rainfall of 1,935 mm.—39% above the 
average—and the dryest year (1943) registered 878 
mm.—37°% below the average. Thus. in the wettest 
year, the rainfall was more than twice that in the 
dryest. 

Throughout the catchment there is a period of 
lowest precipitation in winter, and over much of it 
the peak is during the summer. On the Boite, how- 
ever, the autumn rainfall is slightly higher than that 
in the summer, and on the central Cordevole the 
autumn rainfall constitutes the major peak. 

The Piave is characterised by sudden floods which 
subside rapidly, the average duration being two to 
four days. 


Method of Exploitation 

In comparison with some other rivers in northern 
Italy, the exploitation of the Piave basin has been 
tardy. This has been due to the torrential character 
of the flow, as the natural economic choice has been 
to develop rivers with a smaller but more constant 
discharge, and this has particularly suited the small 
local industries that earlier were characteristic of this 
predominantly agricultural area. This delay, however, 
has afforded advantages, for it has been possible to 
meet the increasing demand for large blocks of indus- 
trial power by a co-ordinated exploitation programme 
according to modern techniques. 

An important consideration in planning the deve- 
lopment has been_the use of the river for irrigation 
in the Venetian plain. Hitherto, this vital function was 
restricted by the variable character of the flow, but 
the catchment has been exploited in such a way that 
the improved regulation has greatly benefited irriga- 
tion and has made it possible to extend this service 
to new areas. 

As will be evident from Fig. 12, the essence of the 
development scheme lies in the diversion of the 
Piave at Soverzene back to its original course through 
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the Lapisini Lakes. This has resulted in important 
benefits, for the route is much shorter than that along 
the loop forming the present course of the Piave, and 
it leads to a much lower level—13 m. above sea level 
at the discharge to the river Livenza, as against 70 
m. at Nervesa. Further, the Lapisini Lakes were very 
suitable for development for both seasonal and short- 
term storage. This diversion of a large and well- 
regulated body of water also made it possible to create 
an important irrigation network in the plain to the 
left of the Piave—an area higher than the river and 
therefore not previously irrigable. 

By means of this diversion the catchment area has 
been divided virtually into two independent basins, 
roughly equal in area but differing in hydrological 
characteristics. The north-eastern system comprises 
the Piave and its tributaries down to Soverzene and 
the diversion through Lake S. Croce, and has an area 
of 1,840 sq. km. The western system comprises the 
Cordevole and its tributaries, together with the loop 
of the Piave below the confluence of the two rivers; 
it has an area of 1,716 sq. km. down to Fener, but 
is at a much lower average altitude. We propose in 
the remainder of this article to describe the newer 
developments on the Cordevole, and in our next 
article we shall discuss the more complex Piave-Boite- 
Maé-Vaiont scheme. 


The Cordevole Scheme 

Referring once more to the map, Fig. 12, the Cor- 
devole scheme may be divided into three sections: 
Upper Cordevole, Central Cordevole, and Cordevole 
Mis-Piave. The Upper Cordevole scheme extends 
from the Fedaia reservoir at an altitude of 2,053 m. 
to the Alleghe reservoir at 968-5 m. It will comprise 
the Malga Ciapela, Saviner and Alleghe stations and 
will utilise the Fedaia reservoir as head reservoir, and 
Caprile reservoir, at 1,150 m., as regulation reservoir. 

The Central Cordevole scheme utilises Alleghe as 
the head reservoir and extends down to the Stanga 
station tailrace at 433 m. It includes the Cencenighe, 
Agordo and Stanga stations and a compensating 
reservoir at Ghirlo. 

The Cordevole-Mis-Piave scheme extends from 
Stanga tailrace to that of the projected Quero station. 
at 173 m., and will comprise the Sospirolo, Longano, 
Busche and Quero stations. A head reservoir will be 
formed on the Mis at 427 m. and a compensating 
reservoir at Caorame at 270 m. 

Of these three schemes, the Central Cordevole was 
completed between 1939 and 1943, but both of the 
others are still only partly carried out. In the Upper 
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Fig. 16. Plan of Malga Ciapela station 


Cordevole scheme, the first section of Saviner station 
was placed in service in 1952, Fedaia dam and Malga 
Ciapela station were completed in 1956, and the re- 
mainder of the development is still in prospect. In the 
Cordevole-Mis-Piave scheme, Sospirolo station was 
put into operation in 1955, fed directly from the 
Stanga tailwater. The Mis dam is on the immediate 
schedule for construction. 

The basic technical data of the reservoirs are given 
in Table II, and of the power stations in Table III. 


Taste Il.—Corbdevote RESERVOIRS 


From the latter table it will be seen that the average 
annual production of the entire scheme when com- 
pleted is estimated at 1,055 GWh.* 

A 150 kV trunk line conveys the power down the 
valley, and ten 10 kV service lines connect the various 
power stations. 


Fedaia Dam and Reservoir 

As already noted, the head reservoir of the entire 
Cordevole development is at Fedaia, which lies 
under the northern flank of Mt. Marmolada. It has 
been formed by impounding the headwaters of the 
Avisio, which is a left-bank tributary of the Adige, 
and has involved reversing the direction of flow to- 
wards the Cordevole. The effect on the flow of the 
lower Avisio is negligible, but in view of its high alti- 
tude the Fedaia reservoir provides the largest power 
storage in the scheme. This reservoir is intended 
solely for power production, and is drawn upon only 
during the winter months. Replenishment is effected 
mainly from the Marmolada glacier, and part of the 


* | GWh=1,000,000 kWh 


Taste Iil-——-Corpetvote Power STATIONS 


Reservou Maximum Live Power 
water level storage production 
m hm'* GWh 
Fedaia 2053 16 62 
Caprile 1150 25 45 
Alleghe 968-5 3-5 
Ghirlo 751 O11 
Mis 427 39 17 
Caorame 270 Ss 
* 1 cu. hectometre = 1,000,000 cu. m 
Power station Net head 
m 
In operation 
Saviner (1 st.) 428 
Cencenighe 202 
Agordo 146 
Stanga 149 
Malga Ciapela $67 to 525 
Sospirolo (without reservoir) 90 to 44 
Total 
Planned 
Saviner (2 st.) 120 
Alleghe 40 
Longano S52 to 40 
Busche 31 to 21 
Quero 56 


Total Cordevole scheme 


Maximum Capacity Yearly average 
discharge output* 
m'/s MW GWh 
3°5 13 40 
17 30 150 
20 26 130 
23 30 170 
4 20 25 
50 40 150 

159 665 
8 & 40 
11°5 4 20 
55 24 80 
60 16 50 
60 27 130 

238 985 


* The output refers to the total utilisation values after completion of the whole scheme. 
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Fig. 17. Main generating set in Malga Ciapela power station with 1,100 kW pumps and 600 kW pump 
turbine set in background 


make from the glacier downstream of the reservoir is 
intercepted by an open channel 3 km. long and con- 
veyed back to the reservoir. Also, during the summer 
months, the flow from the Ombretta—one of the head- 
streams of the Pettorina—is pumped to Fedaia reser- 
voir by pumps in Malga Ciapela station. 

Fedaia reservoir has an area of 19-7 sq. km. and 
a total storage of 17 million cu. m., of which 16 
million cu. m. is live. It has been formed by a main 
concrete dam (Fedaia dam) at the western end and a 
secondary gravelfill dam (Maria al Lago) at the 
eastern end. Both of these structures can be seen in 
Fig. 13. 

Three designs were developed 
for the Fedaia dam—a gravity, an 
arch gravity and a buttress—and 
the latter two were model tested. 
A buttress structure was eventu- 
ally selected as the most suitable 
for the rather irregular shape of 
the site and as the most economi- 
cal in concrete. 

Drawings of Fedaia dam are 
reproduced in Fig. 14. It has a 
central buttress section 324 m. 
long consisting of 18 buttresses 
each 18 m. wide and having a 
maximum height of 64 m. On the 
right is a gravity.séction 233 m. 
long and on the left a short gravity 
wing 47 m. long. The dam is of 
the non-overflow type, but incor- 
porates top-level and central dis- 
charges in the left-hand gravity 
wing and a drainage channel at 
the bottom of the highest buttress. 
Before the dam was built a diver- 
sion tunnel was driven through the 
POWER 1958 
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Fig. 18. Surface view of compensation reservoir in 


rock in the left abutment. and this has been retained 
as the permanent bottom discharge. 

A very complete system of thermometers, pressure 
recorders, strain gauges, humidity recorders and so 
forth is built into the dam, and these instruments are 
connected to the control cabin, where regular records 
are kept. The entire equipment was supplied by 
Officine Galileo of Milan. 

To reach the site a construction road 4:2 km. long 
and rising 280 m. on 2:2 km. (13% average slope) 
had to be built from Tabia Palaz to the site, and a 
Ceretti & Tanfani aerial ropeway was also built to 
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convey the cement in steel con- 
tainers from Caprile to the site. 
The local rock, including that 
forming the dam foundation, is 
predominantly limestone, and 
material for aggregate was ob- 
tained near the site. The crushing, 
grading, and _ concrete-mixing 
plant was located on the left bank 
just downstream of the dam site, 
and the concrete buckets were 
hauled in trains along a service 
gangway whence they were lifted 
by a 3 ton travelling crane with a 
32 m. jib, and a 6 ton stiffleg 
derrick having a swing of 60 m. 
radius. Altogether, a total volume 
of 160,000 cu. m. of concrete was 
placed. 

Maria al Lago dam, at the op- 
posite end of the reservoir, has a 
crest length of 325 m., a maximum 
height of 20 m. and a total volume 
of 120,000 cu. m. Details of its con- 
struction are given in Fig. 15. It is 
of the gravelfill type, the water face being protected 
by a concrete membrane, and having an impervious 
curtain below the water-side toe consisting of ICOS 
concrete piling. In this system, holes 0-60 m. in dia- 
meter, are sunk through the alluvium to bedrock by 
the mudflush process, using bentonite as the heavy 
medium, and concrete piles are cast in these holes. 
The first series of piles is spaced at 1-10 m. centres, 
and when these are completed, holes are driven, and 
piles cast, in the spaces intervening between piles. 
Seeing that the centre distance between adjacent piles 
is less than the pile diameter, the result is a solid 
curtain of piles overlapping in plan. This form of 
construction enables an impervious curtain to be 
constructed without having to remove the overburden. 
Suitable instruments have also been introduced into 
this dam to measure pressures and movements. 

The civil-engineering contractors entrusted with 
the construction of these dams were Giuseppe Torno 
& C., S.p.A., Milan. Injections at Fedaia dam were 
carried out by Soc. Consolidamenti e Sondaggi 
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Fig. 20. Section through compensation reservoir 
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19. Interior view of compensation reservoir 


Milano, and the impervious curtain at Maria al Lago 
was made by ICOS (Impresa Costruzioni Opere 
Specializzate) of Milan. 

The intake shaft controlling the Malga Ciapela 
supply tunnel is located about half way along the 
south bank of the reservoir. It is equipped with a 
basket-type screen and a sluice gate, both of Galileo 
manufacture, and the intake mouth, 190 m. in advance 
of the control shaft, is protected by a trashrack. A 
minimum water level of 2.010 m. is allowed for. 

From the intake shaft a circular-section pressure 
tunnel 1-8 m. in diameter and 3,962 m. long leads 
to the Malga Ciapela surge chamber, which has a 
vertical shaft 1-8 m. in diameter and an upper expan- 
sion and lower compensation chamber. The latter is 
square in section, and is connected at one end to the 
vertical shaft and at the other to the pressure tunnel 
without throttling. 

From the surge chamber an ATB (Acciaierie e 
Tubificio di Brescia) steel penstock, 1:3 to 1-05 m. 
in diameter and 723 m. long, leads down to Malga 
Ciapela power station, and is laid free in an inclined 
tunnel. 


Malga Ciapela Station 

Malga Ciapela station is of the underground type 
and is shown in plan in Fig. 16, an interior view being 
given in Fig. 17. It contains a 20 MVA horizontal 
Pelton set consisting of a TIBB generator driven by 
a Riva single-jet Pelton wheel at each end of the shaft. 
This set operates on a net head ranging from 567 to 
527 m. and has a maximum discharge of 4 cu. m. 
per sec. It runs at 500 r.p.m. and generates at 10 kV, 
the current being stepped up to 130 kV by a TIBB 
20 MVA water-cooled transformer in a fireproof 
cubicle at the outer end of the machine hall. This 
transformer is also provided with a 3 kV winding to 
supply the three pumping units described below. 

Pirelli oil-filled cables are laid along the cornice of 
the access tunnel to an outdoor circuit-breaker station 
located on the roof of the access portal. 

As already mentioned, Malga Ciapela is a pumped- 
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storage station, and an important part of its function 
is to transfer the flow from the Ombretta to Fedaia 
reservoir. A 1,271 m. free-flow tunnel from the 
Ombretta leads to a forebay at an elevation of 1,802 
m., whence a 60 cm. diameter Dalmine penstock leads 
down by the side of the main penstock to the power 
station. Here, three pumping units are installed. Two 
of them consist each of a TIBB 1,100 kW 1,500 r.p.m. 
induction motor coupled to a Riva 300 litre per sec. 
pump; the third set is of half this capacity but also 
includes a Riva Pelton turbine so that in winter it can 
generate power from Ombretta water, the electrical 
machine functioning as an induction generator. The 
net head available on this set for power generation 
is 334 m. For pumping, all three sets operate against 
a maximum difference of level of 250 m. and together 
can discharge 0-75 cu. m. per sec. 





A control-room annexe, formed at the inner end of 
the machine hall, contains control panels for the main 
generating set and 130 kV circuit, for the pumps and 
for the 10 kV auxiliary circuit. Although local control 
is possible, the entire station is normally remote con- 
trolled from Saviner by means of a two-wire coded 
system.* 

The control panels and instruments are manufac- 
tured by Officine Galileo of Firenze; the switchgear 
and instrument transformers are manufactured by 
Officine Elettromeccaniche Galileo of Battaglia 
Terme; the fire protection equipment for the main 
transformers is manufactured by Officine Galileo of 
Milano (the three firms being independent). 


* For further information about Malga Ciapela station see: ‘‘Centrali 
idroelettriche automatiche con particolare riguardo alla centrale idro- 
elettrica di Malga Ciapela (Alto Cordevole),’’ by Dott. Ing. L. Ghetti- 
Rendiconti, Riunione AEI di Trieste, 1956. 








Fig. 21. General arrangement plan of Mis dam 
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Fig. 22. Test model, Mis dam, made at Istituto 
Sperimentale Modelli e Strutture Laboracory, Ber- 
gamo (1.8.M.E.S.) 


Saviner Station 

Referring once more to the sketch map, Fig. 12, 
a free-flow tunnel 6 km. long conveys the discharge 
from Malga Ciapela to Saviner station, and this flow 
is supplemented by the waters from two side streams, 
the Pettorina on the right and the Arei on the left, 
one of which (the Pettorina) is pumped to the tunnel 
against a low head. 

To enable Saviner station to operate more or less 
independently of Malga Ciapela a small underground 
compensation reservoir has been constructed a short 
distance below Malga Ciapela station. This reservoir, 
which is depicted in Figs. 18, 19 and 20, has a net stor- 
age capacity of about 16,400 million cu. m., and con- 
sists of three reinforced-concrete conduits, each 540 
m. long with a polycentric circular section (2-00 m. 
and 4:17 m. radius, see Fig. 20) laid side by side and 
provided with intercommunicating holes. A_ trench 
was cut to enable the structure to be built in the open, 
after which the trench was backfilled, as seen in 
Fig. 18. 

Saviner station will ultimately 
be fed by two different supply 
systems. The present stage is sup- 
plied from the system we have 
just described, and commenced 
operation on Pettorina water in 
1952. It consists of a 15S MVA 
horizontal Pelton set having twin 
runners each driven by a single 
jet and operating under a net head 
of 428 m., with a maximum effec- 
tive discharge of 3:5 cu. m. per 
sec. The second stage will utilise 
the waters from the future Caprile 
reservoir and will consist of an 8 
MW Francis set passing 8 cu. m. 
per sec. under a head of 120 m. 

Caprile dam, which will be an 
arch-dome structure of 115 m. 
height and 185 m. chord, will close 
the Upper Cordevole valley im- 
mediately upstream of its outlet 
into the Caprile basin, and will 
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also receive waters diverted from the Codalunga and 
the Florentina side streams. It will have a live stor- 
age capacity of 25 million cu. m. at a maximum water 
level of 1,150 m., and will provide seasonal regulation. 

To complete the Upper Cordevole scheme, it is 
proposed to build a station at Alleghe, supplied from 
Saviner through a 3,590 m. reinforced-concrete pen- 
stock and containing two 4 MW Francis sets operating 
under a head of 40 m. and discharging 11-5 cu. m. per 
sec. This discharge will flow into the Alleghe reser- 
voir, which forms the head reservoir of the Central 
Cordevole system. 


Central Cordevole Development 

The Central Cordevole development was completed 
in 1943, and in the interests of space the briefest 
outline must suffice. 

Alleghe reservoir is a natural lake formed in 1771 
by the great Monte Piz landslide, and a regulating 
dam at its outflow makes it possible to utilise the full 
capacity of 3-5 million cu. m. at a maximum natural 
level of 968-5 m. for daily and weekly regulation. 

This reservoir supplies Cencenighe underground 
station, which contains two 15 MVA Francis sets 
operating under a head of 202 m. This station also 
receives a supply from the Biois river and its tributary 
the Liera. This supply joins that from Alleghe in the 
main penstock, and the levels are such that when the 
power station is not running, Biois water can be 
transferred by gravity to Alleghe reservoir. 

Immediately downstream of Cencenighe station a 
daily regulation reservoir of 110,000 cu. m. capacity 
at 751 m. is formed on the Cordevole by Ghirlo dam, 
and this reservoir feeds Agordo station, which is also 
underground and is also equipped with two 15 MVA 
Francis sets, these working under a head of 146 m. 

Stanga underground station, the last in the Central 
Cordevole section, is supplied from the Agordo tail- 
race and also from a subsidiary intake on the Corde- 
vole immediately downstream of Agordo. This intake 
can direct the whole of the flow when Agordo station 
is not running. Stanga station is equipped with two 
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Fig. 23. Interior of Sospirolo power station 
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Fig. 


17-5 MVA Francis sets working under a head of 
149 m. 


Cordevole-Mis-Piave Scheme 

This scheme covers the lower reaches of the Corde- 
vole and the loop of the Piave as far as Fener, where 
the waters are picked up by an existing power and 
irrigation system terminating at Nervesa. 

The head reservoir will be formed on the Mis, a 
right-bank tributary of the Cordevole, and the con- 
struction of the dam is on the immediate programme. 
This dam, a plan of which appears in Fig. 21, will 
be an asymmetrical double-curvature thin arch 
structure with a central spillway, a chord of 135 m., 
a height of 87 m., and a concrete volume of 70,000 
cu. m. A view of the test model, made by I.S.M.E:S. 
(Istituto Sperimentale Modelli E Strutture-Bergamo), 
appears in Fig. 22 

The reservoir will have a net capacity of 39 million 
cu. m. at a maximum water level of 427 m. and will 
impound the flow of the Mis, but will be fed mainly 
by the Stanga tailwaters. Stanga station discharges a 
maximum of 25 cu. m. per sec., and an intake at 
Stanga can divert the remaining flow of the Corde- 
vole irrespective of whether the station is running, 
the total flow capacity being 35 cu. m. per sec. This 
capacity applies to the condition when the tunnel 
between Stanga and Mis (6.926 m. long and 3:8 m. 
in diameter) is running free flow; when the reservoir 
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24. Exterior view of Sospirolo power station 


level rises above the tunnel outlet, this capacity is 
naturally reduced. 

When Mis reservoir is completed it will normally 
supply Sospirolo station, but in the meantime this 
Station is being supplied direct from Stanga by an 
inverted syphon crossing the Mis valley and connect- 
ing the Sospirolo supply tunnel to the Stanga-Mis 
tunnel. This arrangement is to be seen in the plan, 
Fig. 21, which also shows that the valley is traversed 
by a pipe bridge and that a surge chamber has 
been constructed on the upstream side of the syphon. 
This syphon, of course, will remain as a permanent 
feature so that the reservoir can be drained without 
interfering with the functioning of Sospirolo station. 


Sospirolo Station 

Sospirolo station is supplied from Mis through a 
circular-section pressure tunnel 2,020 m. long, 4:3 m. 
in diameter for the first 510 m. and 4-6 m. in diameter 
for the remainder, terminating in a surge tank with 
upper expansion and lower compensation chambers. 
The valve chamber following this su~ge tank houses 
a butterfly valve leading to a steel penstock 99-3 m. 
long and 2:55 m. in diameter, la'd in a trench and 
covered with concrete. Both the valve and the pen- 
stock are of ATB manufacture. 

Interior and exterior views of Sosp‘rolo power 
station are given in Figs. 23 and 24. It is a surface- 
type station, with the switchyard disposed in front 
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of the station building, which is a simple but attrac- 
tive concrete-and-brick structure. At present it houses 
a single 22 MVA Francis set (Fig. 23) consisting of a 
Franco Tosi turbine coupled to a Compagnia Generale 
di Elettricita alternator. The turbine is designed for 
a net head of 93 m. and a maximum discharge of 25 
cu. m. per sec., and runs at 333 r.p.m. The alternator 
generates at 10 kV and will sustain a continuous 
overload of 10%. It has a flywheel effect of 450,000 
kg. m.* and a runaway speed of 645 r.p.m. Upper 
and lower self-lubricating guide bearings are pro- 
vided, the upper bearing being combined with the 
thrust, which is mounted above the alternator. All 
bearings are water cooled, and cooling of the alter- 
nator is On open circuit. 

The busbars from this set lead to an isolator in the 
basement, and the power is then brought out to a 
transformer standing immediately in front of the sta- 
tion building, as seen in Fig. 24. This is a 22 MVA 
10/135 kV three-phase water-cooled unit supplied by 
Officine Trasformatori Elettrici, Bergamo. 

The control panels and instruments are manufac- 
tured by Officine Galileo of Firenze; the switchgear 
and instrument transformers are manufactured by 
Officine Elettromeccaniche Galileo of Battaglia 
Terme; the fire-protection equipment for the main 
transformers is manufactured by Officine Galileo of 
Milano. In the switchyard this includes a 150 kV 600 
A minimum-oil circuit breaker and the necessary 
isolators and instrument transformers, and within the 
station it comprises all the apparatus associated with 
the 10 kV service supply interconnecting the various 
stations. In the control room, which is at one end of 
the machine hall, there are a three-panel desk-type 
control board for the generating set and the high- 
voltage line, a seven-panel vertical board for the 
associated protective and instrument equipment, a 
four-panel vertical board for station auxiliary and 
hydraulic services, and a vertical board for the 10 
kV system. 








When Mis reservoir is completed it is intended to 
install a second identical generating set, and space has 
been left for this purpose. This will involve dupli- 
cating all the present equipment from the penstock 
and head valve to the high-voltage circuit breaker. 

Developments in this scheme below Sospirolo are 
still in the project stage; several alternatives have been 
considered, and the present proposals may not be 
final. Nevertheless, the programme envisaged is to 
conduct the discharge from Sospirolo to a 24 MW 
station at Longano on the Piave some way above the 
confluence with the Cordevole, this station also being 
supplied from a reservoir at Cesa impounding the 
make of water on the Piave below Soverzene. 

From Longano, the combined waters will be taken 
to a 1-5 million cu. m. compensation reservoir on the 
Caorame, standing at a maximum level of 270 m. and 
impounded by a dome-type dam 29 m. high and with 
a 58 m. chord. This reservoir will supply a station at 
Busche containing a 16 MW Kaplan set. Finally, the 
total discharge of 60 cu. m. per sec. will pass through 
a 27 MW station at Quero before being fed into the 
Brentella power-and-irrigation scheme and after regu- 
lation by the daily reservoir of Curogna. The question 
of this compensating reservoir between Quero and 
Pederobba—the first station on the Brentella system 

—is being considered with a view to rendering the 
load curve at Quero less dependent on irrigation 
requirements. 

In the Brentella system the stations are of small 
capacity and are subservient to the main objective of 
irrigating the area to the right of the Piave—a task 
that can be accomplished all the more effectively 
thanks to the improved regulation of the Cordevole 
and the Lower Piave due to the power developments. 

The power developments on the north-eastern 
system, comprising the catchment of the Upper Piave 
and the Lapisini Lakes, will be described in our next 
article. 

(To be continued) 





Open Days at East Kilbride. The Mechanical Engin- 
eering Research Laboratory, East Kilbride, Glasgow, 
is to hold Open Days on Wednesday, June 4, and 
Thursday, June 5, 1958. Representatives of any 
organisation with engineering interests will be wel- 
come. Applications for invitations, stating which day 
is preferred, should be sent to the Director. The 
whole of M.E.R.L. will be open for inspection, in- 
cluding two aew laboratories for research on mechan- 
isms and engineering metrology and for research on 
heat transfer. 


Welding Handbook, A new 180-page welding data 
book, describing simplified welding procedures for 
application to all metals at reduced temperatures, is 
now available from Eutectic Welding Alloys Co. 
Ltd., North Feltham Trading Estate, Feltham, 
Middlesex. The pocket-sized data book is a guide to 
improved welding techniques with torch and electric 
arc, and contains useful information on maintenance, 
repair, salvage and fabrication. Procedures are 
described for obtaining maximum machinability in 
working time and costs. 

Numerous applications for every industry are 
given, including joints requiring special properties 
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such as high electrical conductivity, resistance to cor- 
rosion, and suitability for tinning and coating. Weld- 
ing procedures which save dismantling and eliminate 
pre- and post-heating are also treated. 


St. Anthony Falls Hydraulic Laboratory, University 
of Minnesota, has published a booklet listing tech- 
nical papers, project reports. and cinematograph films 
issued by the Laboratory. A brief summary is ap- 
pended to each item, and details are given of the 
availability and cost, if any, of purchase or hire. An 
inset series of order forms facilitates application. 


Wasser- und Energiewirtschaft Jubilee. We have 
pleasure in acknowledging the receipt of the special 
number of “Wasser- und Energiewirtschaft” issued on 
the occasion of the fiftieth anniversary of the journal. 
In addition to articles of historical interest, this issue 
contains a highly interesting review, by Dipl. Ing. 
Toéndury, the Editor, of the evolution of energy pro- 
duction in Switzerland and the present state of deve- 
lopment of the country’s hydro-electric resources. 
Impressive photographic illustrations of dams recently 
completed or in course of construction accompany 
this review. 
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Pump for a Water Turbine 


Research Rig 


The design of a special variable-pitch propeller pump for use 

in a turbine research rig is described. 1 he design includes pre- 

cision pitch changing while in motion and speed control. 

In contrast with general practice, high oil pressures are used 
for the pitch-changing servo-mechanism 


By D. FIRTH*, A.M.I.Mech.E., and H. OBRIST? 


UMPS used in closed-circuit hydraulic-machinery 
| get rigs have, invariably, to meet an exacting 

specification. The pumps used on the water-tur- 
bine research rig in the hydraulic machinery building 
of the Mechanical Engineering Research Laboratory 
at East Kilbride, Scotland, are no exception. Of the 
two pumps used, a high-head for Francis turbine 
models and a low-head for Kaplan turbines, the low- 
head pump has possibly the more difficult operational 
duty. 

As can be seen in Fig. 2, the circuit into which the 
pumps fit and work comprises a large vertical tank 
coupled to a system of pipework whereby water can 
be circulated through the model turbine. The vertical 
tank, which is sunk into the ground underneath the 
laboratory, enables the bubbles produced by cavita- 
tion on the turbine model to be reabsorbed into the 
water. This tank, usually called a “resorber,” was de- 


* Fluid Mechanics Division, M.E.R.L., East Kilbride, Glasgow. 
+t Escher Wyss, Zurich, Switzerland. 



















signed on the basis of the California Institute of 
Technology“ “resorber” but modified as the result of 
model tests by M.E.R.L.© Air content, temperature 
and pressure controls are also built into the circuit. 
Changes are made in the circuit pipework when the 
high-head pump has to be used. 


Specification of Pump Duty and Performance 

The duty of the low-head pump was established by 
considering the sizes of turbine models to be used in 
the rig and the appropriate ranges of head and flow. 
The envelope enclosed in Fig. 1 by a dotted line and 
by the ordinates of the graph indicates the working 
range of the rig at low heads. To meet this require- 
ment, Escher Wyss, of Zurich, provided a single-stage, 
variable-speed, variable-pitch propeller pump de- 
signed for a head of 38 ft. with a flow rate from zero 
to 30 cusecs and a power of 180 b.h.p. at 760 revs. 
per min. Typical characteristics of the pump at this 
speed are shown in relation to the duty envelope in 
Fig. 1. 
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Fig. 1. Approximate characteristic for different runner-blade positions B of a propeller pump, type P 650 
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The most stringent part of the 
specification for which the pump 
had to be designed concerned the 
running characteristics. It was 
specified that the pump should 
operate over its whole range free 
from cavitation and vibration; the 
pitch-changing mechanism had to 
operate at any pump speed with- 
out introducing pulsations into 
the flow, either from instability of 
the pitch-changing mechanism or 
low frequency shifts in pitch angle 
caused by lack of positional con- 
trol in the pitch-changing servo- 
system. 


The Influence of the Specification 
on the Pump Design 

By using well-tried profiles for 
the runner blades, cavitation-free 
operation was ensured. The re- 
mainder of the _ specification, 
however, required further con- 
sideration. After examining stan- 
dard designs used in industrial 
applications, it was decided that 
a more refined servo-system was 
necessary. A new design was 
therefore produced by Escher 
Wyss in collaboration with the 
Fluid Mechanics Division of 
M.E.R.L. 

The servo design which is nor- 
mally satisfactory for the bulk of 
industrial applications comprises 
a double-acting cylinder, usually 
at an oil pressure of about 150 Ib. 
per sq. in. (10 atm.), and a posi- 
tional control valve situated on 
the pump housing and connected 
to the movement of the piston in 
the pitch-changing cylinder by a 
feed-back linkage. For the accur- 
ate control required in_ the 
M.E.R.L. pump this conventional 
system suffers three main disad- 
vantages. First, backlash; the 
combination of links and levers 
necessary to feed-back the piston position to the con- 
trol valve introduces a lag into the servo loop and 
increases the “dead zone” of operation. Second, the 
control tends to be “spongy” at such a low working 
pressure as 150 Ib. per sq. in. because the air in the 
oil greatly increases its bulk modulus. Third, the 
double-acting operation of the cylinder, i.e., high 
pressure only on one side of the piston or the other, 
involves lags caused by the time necessary to build 
up effective pressure, and the dead zone of the control 
valve inherent in this type of design. 

The new design reduces these effects to a minimum. 
Mechanical feed-back links are eliminated to prevent 
backlash. Operating pressures are raised to 1,000 Ib. 
per. sq. in. (68 atm.). Around this pressure the effect 
of air content on the bulk modulus of oil tends to 
become constant and the control correspondingly less 
“spongy” and more stable. The double-acting cylin- 
1958 
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High-pressure pitch-changing servo-system 


der is arranged for constant pressure on one side of 
the operating piston and variable pressure on the 
other, dependent on the degree of “error” being felt 
in the system. To get the required load for pitch 
changing, the cylinder is arranged with differential 
areas. 

A drawing of the system is shown in Fig. 3. It 
can be seen that the control-valve body is directly 
connected to the double-acting operation piston by 
concentric tubes; the inner one carrying constant pres- 
sure and the outer one the control pressure. The valve 
thus revolves and slides with the piston and linkages 
are unnecessary. Pressure is supplied to the valve 
body through a rotating swivel formed by the valve 
and its upper support member, which is part of the 
pump structure. Motion is controlled by a small pilot 
valve sliding into the valve body but not rotating with 
it. This pilot piston is arranged to control the flow 
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into and out of the larger area portion of the pitch- 
changing cylinder. A slight negative lap ensures that 
the dead zone of operation is reduced to a minimum. 
To prevent any possible misalignment of the pilot, a 
semi-rigid fastening is arranged by loading the piston 
against the motorised adjusting screw by a steel spring 
which also eliminates backlash in the adjusting 
mechanism. Controlled leaks from the mechanism 
lubricate both the valve housing and the suppori 
bearings below it. “O”-ring seals are widely used in 
the design. 


Pressure Oil Supply Unit 

Oil for the servo unit is supplied by a self-contained 
pump unit mounted on the skirt of the pump. It was 
made and developed at M.E.R.L.© from standard 
units readily available on the market. The unit com- 
prises an electrically driven vane-type positive- 
displacement pump feeding into the pressure main 
via a rubber-bag-type air-loaded accumulator. The 
accumulator has a dual function; it smooths the 
pump delivery and it provides a store of energy to 
reduce the pressure fluctuations caused by the opera- 
tion of the unloading valve. To economise in power 
and to reduce the amount of heat being put into the 
oil, which is the consequence of pumping through a 
relief valve, a hydraulic unloading system was pro- 
vided. This system is pilot-operated by the line pres- 
sure and can be pre-set to the required system pres- 
sure. A relief valve is fitted into the assembly as a 
safeguard and is set slightly above the maximum 
working pressure of the system. Return oil from the 
pitch-changing servo-mechanism is conducted back to 
the pump reservoir through magnetic and 
porous filters. A safety overflow is provided 
should the filters become choked. 


Pitch and Speed Control 

The use of the pump in a water-tunnel 
circuit implies close control over speed and 
pitch. The remote control of pitch is 
effected by a small, push-button-operated 
electric motor which turns the adjusting screw 
on the pilot valve. Provision against over- 
stroking of the jack is made by two micro- 
switches at the terminal points of the move- 
ment of the jack. These switches are wired 
into the push-button relay circuit. Remote 
indication of the pitch angle is transmitted 
electrically through a magslip loop from a 
small rack on the p’‘tch-changing servo- 
mechanism which, by engaging with a pinion xyun&oq 
on the magslip transmitter shaft, imparts 
rotary motion. The receiver unit is calibrated 
in terms of pitch angle. 

Speed control is based on the use of a 
Ward-Leonard system and an electronic 


WN 


servo circuit for automatic speed-regulation. _, 100 200 200mm 
ast 


The system is basically one of speed compari- 
son; the set speed is in constant comparison 
with the running speed. Errors between the 
two are amplified and fed back to the Ward- 
Leonard system to form a closed loop. Speeds 
are set on a small decade gear box which 
enables any speed within the range of the 
pump to be set in steps of one revolution per 
minute, The set speeds are as accurate as the 
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Fig. 4. General arrangement of pump 
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Fig. 5. Close-up of variable-pitch propeller used in 
the pump serving the water-tunnel test circuit at the 
M.E.R.L. laboratory 


crystal oscillator used as a frequency standard. A 
full description of the system can be found else- 
where.“) The use of such a system enables speed 
fluctuations and their effect on the steadiness of the 
tunnel circuit to be reduced to a negligible amount. 
In operation a complete unit, including pump servo 
control and speed control, has shown itself to be en- 
tirely satisfactory. The performance curves actually 
measured in the tunnel circuit agree well with the 
predicted curves, and the pitch-changing servo is com- 
pletely steady, free from oscillation, and has no over- 
shoot even when adjusted under the worst conditions. 


Other Interesting Design Features 

There are other features of this pump which are 
of technical interest and worthy of note. Because of 
the higher working pressures used, a more compact 
pitch-changing mechanism was possible and this en- 
abled the general design to be simplified in many 
ways. It became possible to put the thrust bearing of 
the pump into the electric driving motor (Fig. 4). The 
thrust bearing takes up the loads in both directions. 
When the set is at a standstill, it carries the weight 
of the rotating parts. During operation it also carries 
the hydraulic axial thrust, which is vertically upwards 
and exceeds the weight of the rotating parts. By lead- 
ing the servo supply pipes through the hollow shaft 
of the motor, it became possible to mount the servo 
valve and the pitch-changing cylinder without using 
linkages. The elimination of the customary flexible 
coupling reduced the total height of the unit, and the 
lack of complication between the motor and pump 
gland enabled the unit to be mounted on a conical 
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Fig. 6. Pump installed in M.E.R.L. water-tunnel cir- 
cuit. The pressure-oil supply unit can be seen in the 
foreground 


fabrication of very clean and neat appearance. Photo- 
graphs of the unit can be seen in Figs. 5 and 6. 

The standard Escher Wyss hub was modified to 
prevent the oil used in the system seeping into the 
water-tunnel circuit and to prevent water seeping into 
the oil system. This was accomplished by fitting seals 
to the blade hubs and allowing oil leakage into the 
hub to fill up and eventually drain back into the 
general drain above the pump gland. 

In a water tunnel used for research purposes, the 
presence of oil in the water has many disadvantages. 
It impairs the vision through observation windows 
and fouls instruments and apparatus. To prevent this 
occurring, the bottom bearing is a well-proved Escher 
Wyss design made of rubber and water-lubricated. 

Because the pump will have to operate occasionally 
at less than atmospheric pressure, care had to be 
taken to prevent the ingress of air into the water- 
tunnel circuit. The stuffing box is of a special design 
and supplied with a pressure-water seal. By these 
means the problem of air ingress has been eliminated. 


Conclusions ; 
The design describes how effective collaboration 


between a research laboratory and an industrial 
manufacturer can produce a piece of precision 
hydraulic machinery of very special and refined 
design. It also shows that pitch-changing servos gener- 
ally used in this class of equipment can be improved 
from the point of view of accuracy. 

In a field where low-pressure oil hydraulics are the 
general rule for blade-pitch servos, the introduction 

(Continued on page 141) 
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Applying Bernoulli’s 


Equation to Slightly 


Compressible Liquids 


Prof. Dr. N. M. Shchapov, of the Science Research Institute for 
Hydromachinery, Moscow, evaluates the modification to the 
Bernoulli equation due to the compressibility of water and dis- 
cusses the effect of water compressibility on turbine efficiency* 


HE equation propounded by Daniel Bernoulli in 
1738 for the flow of perfect, non-viscous, incom- 
pressible liquids is usually expressed as:— 
Zz 4 t — constant 
“ 22 

This expresses the law of the conservation of 
mechanical energy by which such a liqu‘d is governed. 
To derive a supplementary term in Bernoulli’s equa- 
tion, taking into account the compressibility of water, 
let us examine its movement in a pipeline. We shall 
thus consider a pipeline, undeformed by pressure, 
closed at the bottom but in communication with a 
vessel having a free surface of water. Let us transfer 
a (metric) ton of water from this surface to the lower 
end of the pipeline at a depth z. The work performed 
will be z and will be expended in the first place on 
the deformation (compression) of the ton of water, 
now under considerable pressure, and in the second 
place on the displacement of the remaining water in 
the system which must be moved up towards the open 
surface. 

If this ton of water is allowed to escape at atmos- 
pheric pressure then it would develop the same 
amount of work z. One part of the work is in the form 
of expansion, the other in the lowering of the water 
remaining in the system. 

Here and henceforth, 

p will be expressed in kg. per sq. m. 


Ss «e = * . kg. per sq. m. 
(1-A) ,. Metres 
(1—A)p ts .. kg. metres 

A — ™ » metres 

- 6 we - » kW 

ee " .. metres 


»- * - » Cu. M. per sec. 

The ton of water at the end of the pipeline, at a 
depth z, and under pressure p, now occupies less than 
a cubic metre of volume:— 

P 
1-A=1 rE 
where E is the coefficient of elasticity of water. If the 
section of the pipe is | sq. m. the ton will occupy a 
part (1 —- A) metres long. 

During the escape of this ton of water at atmos- 
pheric pressure it can release its stored energy z in 
performing work on a piston closing the end and 
moving along it. 

* This thesis originally appeared in the Transactions of the Russian 


Academy of Sciences, No, 21957, and has been placed at our disposal 
by the author 
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This release of energy may be represented by break- 
ing it down into two stages. In the first stage the water 
does not lower the pressure and does not expand. The 
piston moves back in space (1-A), performing 
(1 — A)p of work. The space freed by the ton of water 
is now occupied by water moving down in the entire 
system. 

Let us further suppose that a slide valve is moved 
behind the ton of water which has already moved 
down the pipeline. In- the second stage the piston is 
forced back A metres. During this time the water of 
the ton is expanding and gradually its pressure is 
lowered to that of the atmosphere, but the effort 
exerted on the piston is from p to zero and the work 
performed in the piston is 4p. 

Now we have an equation for the work stored by 
the ton of water and released by it. 

zw = p(1 - A) + e 
and in the case of one kilogram 
z=2 (1-a)+ 2A =e 
w W £2 

The first part of this specific energy of pressure « 
is given up to the released kilogram by the remaining 
water in the system, and may be called its external 
energy of pressure ¢€,x:, The second part is held with- 
in the kilogram and may be termed its internal energy 
of pressure én: 

Hence én, = 2 (1-A), éint. = #. 
w wie 


=i fer se - oe 4 
+ Cm P(t x) Pi f) 


This factor « is the energy of the pressure corres- 
ponding to the mass of the liquid. Therefore it must 
be inserted into Bernoulli’s equation instead of the 


usual, larger expression P 
» 

In the expression A = p/E one may take a particular 
average value for water E = 2:08 x 10° kg./m?. That 
is to say 1/E=4-8x10~’. In the table are set out 


the results of calculations of the specific energy of 


the pressure P which are usually substituted in Ber- 
w 


€ = Eext 


noulli’s equation, its relation to the external energy of 
pressure ¢.x;, the internal energy ¢i,:, the sum and 
finally the value z’ of the latter energy expressed as 
metres of water column. When a liquid is quiescent 
the latter value is equal to the depth of immersion 
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TABLE I 








1 Pm kg./cm.” | 10 

2 p kg./cm.* 10° 

3 A\=48.x 10-*p 48x 10-* 

4 Gert. : . =1—} | 999952 | 

“ 

5 €int. : P =A 0-:00024 | 
w y 4 
| 

6 | e:2n5-9 0-99976 

w - 
7 | Pm metres 100 
8 €=z= (1- . 2 metres 99-976 
z Ww 


20 50 100 | 200 
2x 10° 5x 10° 10° 2x 10° 
96x10-* | 24x10" | 48x10 | 96x 10-* 
0:99904 099760 |  0-99520 | 0-99040 

i 
| | i] 
0:00048 000120 | 000240 | o-00480 
0-99952 0:99880 099760 099520 
200 500 1000 2000 
199-904 499-400 997-600 | 1990-40 





under a free surface, in the displacement flow to the 
measurement of a piezometer in that section. 

Therefore for a more exact version of Bernoulli’s 
equation we must insert the factor 


at in J. ee 
+? 2E/w ” 2¢ 


As is evident, the greater the pressure, the less is 
the correction factor in brackets than unity. Usually 
this factor is taken as equal to unity and this exag- 
gerates the energy of pressure as follows: 

0-024 per cent. at p,= 10 kg./cm.* 
0-48 per cent. at p,, = 200 kg./cm.* 

Omission or neglect of the correction factor, particu- 
larly when dealing with high pressures, is respon- 
sible for actual errors in practice. Let an actual 
turbine be tested for the efficiency in accordance with 


= const. 





Japan’s Water Resources 

As a result of a survey completed last year it is 
estimated that the water resources of Japan, when 
fully harnessed, will be capable of sustaining an in- 
stalled capacity of 31,000 MW. In 1952, to meet the 
growing need for energy the Electric Power Develop- 
ment Company was formed, and has been actively en- 
gaged in constructing both thermal and hydro-electric 
stations. At present there are 18 water-power stations 
under construction, with a capacity of 40 MW or 
more, totalling 2,057 MW and a number of smaller 
plants with an aggregate capacity of 1,142 MW. By 
August of last year 43 dams of 50 m. or more in 
height had been constructed and a further 18 are now 
under construction. 


Air Entraining Agent, The marketing of Airsola, the 
air entraining agent, is now being handled in the 
United Kingdom and the Commonwealth by Chas. H. 
Windschuegl Ltd. (one of the Amber Group of Com- 
panies) on behalf of C.L.B. Supplies Ltd. All enquiries 
should now be addressed to Chas. H. Windschuegl 
Ltd., at 1, Leadenhall Street, London, E.C.3. Airsola 
is an additive for concrete and mortar which is 
claimed to ensure the complete and proper distribu- 
tion of cement throughout the mix. Its use is stated to 
bring about the complete wetting of the cement and 
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its useful power N, the amount of water supplied Q 
m.*/sec. and the head H, then n = 102N/1000QH. 

If the pressure before the turbine p,, is measured 
by a manometer and proved to be, let us say, 100 
kg. per cm.’ and if, furthermore, the head H is taken, 
as usual, as 10 p,, = 1,000 metres then this lowers the 
efficiency of the turbine by 0-24 per cent. Actually at 
the entry into the turbine the specific energy of pres- 
sure is not 1,000 metres but only 997-6 metres. 

Let us observe that with respect to the working of 
large-scale hydraulic stations every decimal place in 
the efficiency has great significance, corresponding to 
a supplementary quantity of energy in the order of 
tens of millions of kilowatts a year. Such an error 
might have still greater significance during the trials 
of pumps which often work at pressures of over 100 
atmospheres. 


+ 


leads to the formation of minute air pores. Concrete 
or mortar so treated, being more plastic, lends itself to 
quicker and easier working, and the hardened mix is 
stated to show improved resistance to frost, water 
penetration and deterioration by chemicals. 
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of higher pressures is of interest. Because of the ad- 
vantages arising from the use of higher pressures, the 
application could be very widespread. 
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Fig. 1. Diversion weir serving Sarobi power station 


Power for Kabul 


A short description is given of the Sarobi hydro- 
electric station in Afghanistan 


HE rivers of Afghanistan possess abundant energy werke AG. as early as 1938. When in 1951 conditions 

resources and in regard to water flow, utilisable allowed work to be begun, the general responsibility 

head and geographic location, the Kabul river for the project was with this firm which also supplied 
lends itself especially to power production. Plans for the generators and the entire electrical equipment, 
its development were drawn up by Siemens-Schuckert- the transmission line and the Kabul substation. 
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Fig. 2. Map of the Sarobi development on the Kabul river 
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Fig. 3. Sarobi power station and outdoor substation 


Sarobi No. I dam is situated about 70 km. down- of the gates in the two left openings is 12 m., 
stream from Kabul and about 15 km. below the con- but for the right-hand opening the gate height is 14 
fluence of the Kabul and the Panshir rivers. Measure- mm. to cater for the disposal of debris in front of the 
ments indicated an average flow of 72 cu. m. per sec. _ tunnel inlets. 
and a minimum flow of 24 cu. m. per sec. at this The weir is so designed that the maximum flood 
point. At the upper entrance to the Sarobi gorge the (4,200 cu. m. per sec.), at an impounding level of 
river is dammed by a movable weir which raises the 3 m., can be discharged through the two left weir 
level to an elevation of 1,094 m. above sea level. Thus openings, it being assumed that the higher right-hand 
a reservoir with a surface area of 1:28 sq. km. is gate may not be ready for operation. Double hook 
formed which allows for daily storage. For the first gates are used and with these it is possible to vary 
stage of development a single pressure tunnel branch- the area of the opening by lowering the upper section, 
ing off from the right bank of the reservoir suffices, by raising the lower section, or by lifting both sec- 
but later a second tunnel will be 
driven. Each of these is designed 
to carry a flow of 55 cu. m. per 
sec. The pressure tunnels termi- 
nate in a surge shaft near the 
power house and two pressure 
shafts lead down to the turbines. 
The net head obtainable is ap- 
proximately 49 m. With this head 
and the selected design flow of 110 
cu. m. per sec., an ultimate capa- 
city of 43,000 kW will be reached 
in four generating sets. This cor- 
responds to an annual output of 
about 200 million kWh. As there 
is not yet a demand for this total 
output it was considered desirable 
to design the station for half the 
capacity in the first stage. 

Fig. 1 shows the weir which was 
built by Rheinhausen branch of ee 
Friedrich Krupp AG. Its three ee 
gate openings have a clear width 
of 18 m. each. The overall height 
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Fig. 4. Model of Sarobi power station 
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tions. The gates are operated by electrically driven 
double hoists which lift each gate section on both 
sides by means of chains. A connecting shaft, which 
extends over the weir platform, ensures that the two 
hoists of a gate section operate synchronously. 

The pressure tunnel, of horseshoe section and hav- 
ing a cross-sectional area of 20 sq. m., is driven 
through various types of rock—gneiss, granite, peg- 
matite, quartzite, limestone, schist and porphyry. 
Originally it was planned to have a continuous lining, 
but it was later decided to dispense with the lining for 
certain lengths, and to utilise a correspondingly 
larger cross-sectional area. The tunnels terminate in 
a surge shaft of 600 sq. m. area, mainly blasted out 
of the rock and enclosed by a gravity dam on the 
valley side only. Of the two pressure shafts, which are 
4:5 m. diameter, only one has been completed for the 
first stage of construction while the other, intended 
for the second stage, is only partly driven. Each shaft 
inlet is fitted with a quick-closing gate with a clear 
width of 5:3 m. and a clear height of 6-5 m., and de- 
signed for an impounding depth of 34 m. Each gate 
is raised by an oil-pressure drive and held in the open 
position. The gates are closed under their own weight 
by shutting off the oil pressure. The pressure shaft in 








Fig. 6. The machine hall of Sarobi power station 
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operation is lined with steel throughout its entire 
length of about 90 m. The liner at the base of the 
shaft is extended to the bifurcating pipe which leads 
to the butterfly valves in front of the turbines. Un- 
favourable rock conditions led to the thickness of the 
liner being calculated without taking into account the 
stress-relieving effect of the rock, wall thicknesses 
ranging from 12 to 17 mm. 

It will be seen from Fig. 3 that the switchhouse 
annexe at the foot of the mountain is already con- 
structed for the ultimate capacity of the plant, al- 
though the machine hall contains only two generating 
sets at present. For the outdoor switching station an 
area has been excavated from the mountain side and 
the excavated material deposited towards the river to 
form a level site. The transformers are situated close 
to the switching station. The main road from Kabul 
to Peshawar (Pakistan) crosses the short tailwater 
canal and is connected to the power-station site via 
a ramp. The entire equipment for the Sarobi plant 
had to be transported over this road. It permitted 
loads of only limited weights and dimensions so that 
it was necessary to ship the machines in components 
of not more than 12 tons. 

The two turbines of the first development stage, 
constructed by J. M. Voith, of Heidenheim, are 
vertical-shaft spiral-cased Francis machines, each 
rated at 15,800 h.p. The discharge of each turbine is 
27:5 cu. m. per sec. at a speed of 300 r.p.m. and under 
a net head of 48 m. Fig. 5 shows a cross-section of the 
generating set. 

The spiral casing is of fabricated steel plate and 1s 
fully embedded in concrete. A butterfly valve with a 
falling-weight operated mechanism is installed near 
the entrance to the casing and is used as safety valve. 
It is arranged in a separate gallery which is accessible 
from the loading bay of the power house. An oil- 
pressure governor mounted on the generator floor is 
provided. An oil pump for the governor and the 
compressed-air tanks are located on the turbine floor. 
The thrust bearing of the generating set is located 
above the generator rotor. Three guide points are 
provided for the shaft, namely above and directly 
below the generator rotor and a little above the 
turbine runner. 

The generators are rated at 14,000 kVA, 0:8 power 
factor, generating at 6-3 kV. The winding is of the 
transposed barrel type and the design of the machines 
had to take into account an ambient temperature of 
45°C. Hot air discharged from the generator is passed 
through twelve finned-tube coolers, equally spaced 
around the periphery of the stator and recirculated by 
two fans attached to the magnet wheel. In order to 
overcome difficulties in transport, the generator stator 
was built in three sections, while the rotor was made 
up of two discs of cast steel shrunk on the shaft, 
the poles being dovetailed into these discs. The 
generating set is fully equipped with mechanical and 
electrical protective devices so that practically all pos- 
sible faults are detected at an early stage and major 
damage avoided. The machinery in the power station 
also includes a house-service generating set with a 860 
h.p. horizontal-shaft spiral-cased Francis turbine. The 
overhead crane has a capacity of 50 tons and a span 
width of 9°5 m. 

Single-phase transformers were installed to facili- 
tate transportation and replacement. In spite of this 
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Fig. 7. Control room of Sarobi power station 


it became necessary to ship the transformers filled 
with nitrogen in order not to exceed the weight 
limits, and to fill them with oil on the site. In order 
to provide a constant pressure of nitrogen in the trans- 
former tanks during shipment, which took about four 
months, each tank was provided with a steel cylinder 
containing nitrogen. The transformers were refilled 
with nitrogen at various points during transit. 

In view of the limited space for the 110 kV outdoor 
switching station, it was necessary to adopt a layout 
which required a relatively small width. In view of 
the altitude, and the dusty atmosphere, the insulation 
of the switchgear was designed for 130 kV. One over- 
head transmission line is run to Kabul and another 
to Gulbahar. The Kabul-Dschelalabad road, the busi- 
est road in Afghanistan, passes close by the outdoor 
switching station, and as it is not paved a heavy dust 
deposit on the outdoor switchgear must be expected. 

All measuring, control and supervisory equipment 
is installed in the control room in the usual manner. 
The generating sets can be controlled from this point, 
starting up to about rated speed being effected by the 
operator in the machine hall. In view of the high am- 
bient temperatures, which may rise as much as 45°C., 
it was necessary to provide the control room, offices 
and other rooms with an air-conditioning plant. 

The lighting installation is designed according to 
modern lighting methods. The control room has 
louvred-ceiling lighting with fluorescent lamps and all 
the other rooms are also fitted with fluorescent light- 
ing. The outdoor switching station is illuminated by 
floodlights mounted on the portal-type structures. In 
the event of a failure of the three-phase power supply. 
emergency d.c. lighting is automatically switched on. 

A modern dial-type telephone system is used for 
communication within the power station. The trans- 
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former stations in Gulbahar and Kabul are connected 
by a carrier-current system. 

The generators and the entire electrical equipment, 
the transmission line, and the substation in Kabul, 
were supplied by Siemens-Schuckertwerke AG. 


World Power Conference 

The General Programme of the Canadian Sectional 
Meeting of the World Power Conference to be held 
in Montreal from September 6 to 12, 1958, has now 
been issued, and is available from the Canadian 
National Committee, Room 500, 150 Wellington 
Street, Ottawa 4, or through the appropriate National 
Committee. The theme of the Conference will be 
“Economic Trends in the Production, Transportation 
and Utilisation of Fuel and Energy,” and will be 
divided into three main divisions—Production, Trans- 
portation and Utilisation. In the Production division 
one section will be devoted to Hydraulic Energy. 
During the Conference there will be local tours to the 
St. Lawrence Seaway project in the vicinity of Mon- 
treal, to the hydraulic laboratories of the St. Law- 
rence Seaway and Neyrpic Canada Limited, and to the 
Dominion Engineering Works. After the Conference 
there will be a choice of tours. The first will be to the 
St. Lawrence Seaway project at and above Cornwall, 
Ontario, and Massena, New York, to power develop- 
ments at Niagara Falls, and to the atomic reactor at 
Shippingport, finishing at New York City in readiness 
for the Sixth International Congress on Large Dams. 
An alternative tour covers only the Canadian side of 
the foregoing itinerary. The second tour will v's't the 
Shipshaw, les Chutes du Diable and Bersim‘s Nos. I 
and II develonments. and the third tour will cover 
the plants at Three Rivers and Shawinigan Falls. 
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Vibration Tests on Weirs and 
Bottom Gates 


By DR. ING. K. PETRIKAT, Chief Engineer and Head of the Hydraulic 
Laboratory, Maschinenfabrik, Augsburg-Niirnberg A.G. Gustaysburg Works 


PART THREE 


Submersible Sluice Gate 

The submersible sluice gate occupies an_ inter- 
mediate position between the overshot flap weir and 
the weir with a rigid overfall edge, insofar its vibra- 
tion characteristics are concerned. These were investi- 
gated in a 1 : 5 channel of 0-6 m. (1 ft. 114 in.) width 
on a spring-suspended model swinging about a pivotal 
point with some freedom of movement in a vertical 
direction. Low negative pressures were measured on 
the curve of the weir crest which was slightly curved 
downward to reduce water load, but this vacuum did 
not cause break-up of the steady flow or cavitation 
with the amounts of gate lowering occurring in prac- 
tice (Fig. 21). 

Vibration was observed on this model when the 
head scale was distorted by lowering the tailwater 
level. It was eliminated by installing flow spoilers 
which, because of the high velocity of flow, were made 
in the form of built-up wedges at the bottom edge of 
the overfall crest. Also, the taper of the overfall crest 
towards the bottom edge had a vibration-damping 
effect which was sufficient in many cases to prevent 
vibration altogether. 





























Fig. 21. Layout of submersible sluice gate model, 
showing arrangement and shape of spoilers 


(1) Model; (2) Askamia pressure pick-up; (3) vibrometer_ pressure 

indicator; (4) strain gauge; (5) pivotal point . of model; (6) pick-up 

potentiometer for measuring travel; (7) flow spoiler; (8) venting apertures 
below overfall crest 
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Fig. 22. Cy, values determined in undershot weirs 


Hook Gates 

Conditions with hook gates are similar to those 
obtaining with submersible sluice gates. In the case of 
limited overflow depths, the same precautions as with 
standard submersible gates are sufficient. However, 
since overflow depths may become much greater than 
with submersible gates when the hook is lowered, 
appropriate design is necessary to avoid cavitation. 
Sharp-edged weir crests involving break-away flow at 
the upstream gate face may cause substantial vibra- 
tion. Satisfactory hydrodynamic design, prevention of 
cavitation and provision of spoilers, just as in the 
standard submersible sluice gate, are the requirements 
to be met in order to avoid vibration in hook gates. 


Undershot Sluice Gates 

Vibration of undershot sluice gates is induced 
either by the periodically changing flow phenomena 
at the bottom beam or by the varying forces acting 
upon the supporting structure downstream of the gate. 

If a rectangular bottom beam with a sharp leading 
edge is used, vibration occurs with limited gate open- 
ing (Fig. 22). With beams having a rounded leading 
edge, the danger zone is between 0-1 and 0-5 m. open- 
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Fig. 23. Schematic representation of flow pattern with 

apron arrangement 1. Moving the slope backwards 

to arrangement 2 eliminated the non-stationary forces 
acting on the rear bar 


ing. Gate vibration is caused by periodic variation of 
pressure on the bottom beam. The vacuum zone pro- 
duced at the sharp-edged beam at small openings, or 
at the curve of a rounded beam edge with higher 
openings, causes flow reversal or even induction of 
air since negative pressures up to —4 m. have been 
measured. The variation in pressure accompanying 
the generation of vortices causes fiutter of the elastic 
Structure of the weir and the flutter in turn governs 
the generation of vortices with the result that vibra- 
tion is started. Literature on this subject’ has so far 
only given measured frequencies, oscillation ranges 
and amplitudes, but does not deal with the magnitude 
of the vibration-inducing forces. 

Determination of the amplitude likely to occur with 
a new gate design for predicting whether or not vibra- 
tion is to be expected has thus been impossible. The 
dynamic forces involved were determined on 
numerous models in the test station by means of pres- 
sure pick-ups or by measurement of vibration ampli- 
tude and damping. The results are shown in Fig. 22. 

In order to provide a convenient basis for compar- 
ing model test results and measurements on weirs 
under conditions of different weir shapes and heads, 
a dimensionless coefficient C, has been developed. Its 
significance in regard to the bottom beam is similar 
to that given in a preceding section for the circular 
cylinder. The reference area for the varying vibration- 
inducing forces acting on the bottom beam is the pro- 
tection of the beam F,=s b, (m*) and the static pres- 


kg ; . 
sure a is computed from the difference Ah 
I 


between headwater and tailwater level (q=Ah y). 

With C, determined by model tests or measure- 
ments on weirs, the vibration exciting force is then de- 
defined as 

P=C, F, Ahycos wt. 

The C, value for undershot sluice gate weirs 
varies with the design of the bottom beam, the damp- 
ing characteristics and the vibration pattern (flexibility 
of the structure), being between C,=0-005 and C, 
0-1, depending on whether the beam design is satis- 
factory or not from the standpoint of hydrodynamics 
and vibration. 

A value of C,=0:03 may be assumed with stan- 
dard bottom beam and gate designs. Since the vibra- 
tion-exciting force for an equal excitation coefficient 
decreases with the width of the bottom beam, a 
knife-edge bottom seal is the most favourable from 
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the standpoint of vibration. In consideration of per- 
missible surface pressure and gate strength, the knife- 
edged seal must have a finite width of about 20 mm. 
With a gate having a clear width of 30 m. and a head 
of, say 6 m., the peak value of the pulsating force 
will be 

P,=C, F, Ah y=0-03 x 0-02 x 30 x 6=0°1 

Assuming the most unfavourable conditions with 
the generated vortices having the natural frequency 
of the gate and a gate damping of W=29, n=12 (s“'), 
the amplitude will be 

P, 0-1 
29 x 6:28 x 12> 
a=50 x 10-* (mm.) 

With this value of a, the gate can be classified as 
being between the curves “steady” and “very steady” 
in Fig. 2, meaning that its vibration behaviour is 
satisfactory. 


a= 0-05 x 10-*(m.) 


w 2xn 




















Fig. 25. Submersible roller slightly lowered; water 
flowing through the gap 
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Fig. 26. Submersible roller weir in closed position 


(1) Body of roller; (2) channel section rigidly secured to roller; 3) leaf 
spring pressing the seal against the sill; (4) rubber seal (cross hatched) 


In addition to the vibration-inducing forces at the 
bottom beam, the action of pulsating forces from the 
tailwater on the structural framework of the gate 
must be considered. 

The magnitude of the C, value at the rear chord 
is influenced by the design of the steadying basin. 
With the apron design (1) (Fig. 23) the C, vatue was 
0-023. With design (2) it dropped to C,=0:002. The 
vibration-exciting properties of structural parts ex- 
tending into the tailwater must be neglected, especi- 
ally if these structures have little rigidity. During a 
vibration test on a 1:15 scale model of a segment 
weir with a knife-edge seal (Fig. 24) the vib-ation- 
exciting coefficient rose to C;=0-03 when the gate 
was suspended from very flexible springs. In the case 
of rigid suspension, :however, the pulsating forces 
measured with exténsometers reached a peak value 
of only C,=0-007. 


Vibration of Roller Weir Seals 

Fig. 25 shows the princip'e of the submersible 
roller seal known as the “pressure chamber” which is 
no longer in use as such, but eminently suitable for 
demonstration of seal vibration. If the gap between 
the sealing strip 2, which is attached to a flexible plate 
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I, and the sill 3 has become so wide that the water 
pressure cannot press the strip against the sill because 
of the stifiness ot the plate strip, as may occur due to 
the heat of the sun, water pressure or a damaged sill, 
there will be rapid flow through the gap and the 
vacuum thereby produced will draw the seal strip 
against the sill, thus closing the gap and stopp:ng the 
f.ow. In place of the vacuum, the static water pressure 
now acts on the beam and the latter is restored to its 
previous pos tion by spring action, with the result that 
a narrow gap is produced. Water then flows again, the 
vacuum again acts on the beam and draws it against 
the sill, whereupon the cycle is repeated. In an older 
weir the measu-ed frequency was 7-7 (s~'). The roller 
was so rigid that the turbulent flow in the tail water 
was unable to start vibration. When the behaviour of 
the oscillation system in the pressure chamber, con- 
sisting of the flexible plate strip 7 and seal beam 2, 
was checked by computation, the result was 8 (s~'), 
i.e. pretty close to the observed frequency. Additional 
model tests were made in the 0°6 m. wde channel. 
In spite of the 1:2 scale adopted, the difficulty 
of complying with both Froude’s and Cauchy’s model 
laws became apparent. The most impo-tant po:nt was 
that a reduction in hydrodynamic forces expressed by 
A* must be accompanied with a reduction in elastic 
forces to the same scale. 

The induced vibration was effectively eliminated by 
installing springs which pressed the sealing strip 
tightiy against the sill. 

A common practice with modern types of submer- 
sible rollers is to suppress self-induced vibration by 
an approp“iate amount of spring preloading (Fig. 26). 
If the springs become slack after an extended period 
of operation, or if backlash develops in the joints, 
vibration may still occur because of the comparatively 
large s'ze of the area where variation in pressure is 
caused by the flow. Here again, the best results are 
obtained with a knife-edge seal (Fig. 27). 


(To be continued) 





Fig. 27. Knife-edged seal on submersible roller 
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Book Reviews 


Irrigation and Hydraulic Design, Vol. 2. Irrigation 
Works. By Serge Leliavsky, Ph.D, M.LC.E., 
M.Am.Soc.C.E. Published by Chapman & Hall Ltd., 
37 Essex Street, London, W.C.2. 1957. 880 pp. (includ- 
ing index). Over 720 ff. 10 in. x 74 in. x 2} in. Price 
294s. net. 

Dr. Leliavsky’s work has been planned in three 
volumes. When the first of these appeared, in 1955*, 
its thorough treatment of general hydraulics, the 
author's direct style, and the excellent production of 
the book received much praise. The second volume 
maintains the high standards of the first one, and even 
surpasses them in some respects, particularly as re- 
gards the illustrations and the ancillary apparatus of 
footnotes and index. 

In recent years, Dr. Leliavsky’s contributions to 
our columns, in addition to his numerous other pub- 
lications, have brought him further recognition as an 
engineer of outstanding ability and intellectual youth- 
fulness. After his experience on the hydro-electric 
works on the Dnieper, his practice has been confined. 
geographically, to Egypt, where he held senior ap- 
pointments as Head of the Bridge Service of the 
State Railways, Director of the Design Service 
of the Irrigation Reservoirs and Nile Barrages 
Department, and finally Head of the Civil Works 
of the Aswan Hydro-Electric Scheme, as_ well 
as acting as part-time Professor of Irrigation Design 
at Giza; his knowledge of foreign languages, however, 
and his wide interests and scientific curiosity have 
enabled him to make use of publications from many 
parts of the world, and he has incorporated the fruits 
of his study in the present book. 

[here are two reasons why “Irrigation and Hy- 
draulic Design” will be of interest and value to hydro- 
power engineers. The first concerns the future deve- 
lopment of water-power utilisation which, in many 
cases, will be part of a comprehensive scheme 
including both power and other uses. In such a 
scheme, from the initial investigations right up to the 
detailed design, power considerations will have to be 
fairly balanced against irrigation and other needs. A 
good book which provides an escape from over- 
specialisation is, therefore, very welcome. The second 
reason is connected with the modesty of the title of 
Dr. Leliavsky’s work, for he deals with hydraulic 
structures, many of which might be used in other 
fields of water-control engineering with equal use- 
fulness. 

Volume II, which is now before us, is divided into 
five chapters, each subdivided into sections and sub- 
sections, in a logical manner which will suit the 
designer, for whose use the book is primarily intended, 
as well as the advanced student. 

The first chapter, of nearly 200 pages, covers the 
design of regulators, and deals with some theoretical 
hydraulics and hydraulic practice before discussing 
the design of the structure and of the moving parts. 
The second chapter (100 pages) deals with what has 
come to be known as inverted siphons—closed con- 
duits conveying water below an obstacle—and after 
discussing the hydraulics, goes into the details of 


* Reviewed in Water Power. March 1955, p. 93 
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structural design and analysis. About 150 pages are 
then devoted to the hydraulics and the structural 
design of various types of weirs and of metering 
flumes (with tables of discharges of direct practical 
use), to spillway siphons, and to devices aimed at 
excluding or extracting sediment from canals. 

The fourth chapter, of about 100 pages, describes 
the planning and design of a perennial irrigation sys- 
tem consisting of canals and drains of various degrees 
of importance, with a section devoted to canal outlets. 
The last, and largest, chapter (of nearly 300 pages) 
deals with canal bridges, aqueducts and gates. It may 
not fall to the lot of irrigation or hydro-power engi- 
neers in other parts of the world to design full-load 
highway and railway bridges over their works, but 
many occasions will arise when specifications have to 
be drafted for specialist bridge designers; in any case, 
this summary of Dr. Leliavsky’s experience, with its 
reference to so many materials (including prestressed 
concrete) and such a variety of design theories (in- 
cluding ultimate-load analysis), is of wider applica- 
tion. 

The last chapter provides, perhaps, the clearest 
evidence of the author’s breadth and adventurousness 
of mind. The book may start off as a useful help in 
the designer’s daily task, but it is likely to develop 
into a stimulating companion and to finish as an 
attractive guide to much wider fields than its title 
would suggest. 


Wiisten, Deiche und Turbinen (“Deserts, Dykes and 
Turbines”) by Dr. Hans Walter Flemming. Muster- 
schmidt Verlag, Gottingen, 1957, 444 pp., 1/1 ff. Price 
DM. 28:60. 

If students of hydraulic engineering, engineers 
practising in this field, or lay readers interested in 
the connection between engineering and civilisation, 
have even a small knowledge of German, this book 
may be recommended for the power it possesses to 
stimulate philosophical thought and for its wealth 
of historical and engineering information. 

The backbone of the work is provided by a des- 
cription, held at a level suitable for the young 
students and the intelligent non-engineer, of hydraulic 
engineering works in the fields of irrigation, land 
drainage and coast protection, navigation, water 
power and water distribution. 

Each chapter contains a guide through the histori- 
cal development of its subject, going back in time to 
the works constructed more than six thousand years 
ago, before the Great Flood, which were uncovered 
by Sir Leonard Woolley and other archaeologists, and 
ranging over many parts of the globe. In many cases 
the historical development ieads the author on to 
reflect on the connection between the improvement 
of agricultural and industrial techniques as a result 
of the improved control of water and the growth of 
the great civilisations, He shows how lack of under- 
standing or lack of attention caused the foundations 
of the great civilisations to decay, and how damage 
to or decay of water-control works was followed by a 
decay in living standards, by famine, disease and 
depopulation. The desert or the bush had been turned 
into a garden which was allowed to revert to the 
desert. The author not only bases the development 
of science and art on the growth of the control of 
water, but discusses the political aspects of the 
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existence of great hydraulic works which can only 
flourish if the population are unanimous in the sup- 
port of their construction and maintenance. Which 
factor—political co-operation or water-control needs 
—came first cannot be said with confidence, but there 
clearly is mutual interaction. Dr. Flemming even p-o- 
vides good reasons for his belief that the standards 
of morality will be high in a population in which 
co-operation in a great water-control effort has fos- 
tered a strong community spirit, and that inter- 
national as well as national political animosities will 
be reduced in the face of the vast problems of water 
control with which whole continents are faced. 


Water-Power Utilisation and Energy Economy in 
Switzerland, Schweizerischer Wasserwirtschaftsver- 
band, St. Peterstrasse 10, Zurich 1. 120 pp., 15 ff. and 
map. Price, German, French or English edition, 
Sw. fr. 9. 

This admirable booklet, with a commendable 
economy of means, sketches the entire pattern of the 
Swiss power economy. It commences by reviewing the 
trend in population, the nature of the terrain, and the 
fuel and water resources and consumption. Water 
power is then discussed in relation to its natural 
characteristics and to the juridical, technical and 
economic bases of utilisation. The pattern of elec- 
trical supply and consumption is studied in relation 
to run-of-river and storage facilities, the transmission 
network, and the import and export of power. Stress 
is laid on the economic importance of water power 
and its influence on trade and industry. 

About half of the booklet is devoted to tables. The 
first gives a list of all water-power plants with an in- 
stalled turbine capacity of 200 h.p. or more in opera- 
tion and under construction. A second table gives a 
similar list of projected plants. The third table is a list 
of storage lakes. and the fourth and final table is of 
natural lakes with a surface area of more than 0:5 sq. 
km. All figures relate to the position as it obtained on 
January |, 1956. A separate map to a scale of 
| : 500,000 affords a valuable geographical key to the 
information contained in the tables. 

The booklet also contains a list of Swiss enterprises 
engaged in building, equipping and operating hydro- 
electric stations and electrical substations, and a few 
pages of effective photographic views form a welcome 
foil to the text. 

An admirable feature of the booklet is its concise- 
ness, for it contains comprehensive information with- 
in a comparatively small space. 


A Collection of Papers on Underground Pipeline Cor- 
rosion. Vol. I. Received from Geo. B. McComb, 8038 
Lafon Place, St. Louis 24, Mo., U.S.A. 1957. 

This collection of papers, which will be followed by 
others, is intended to provide a fund of information 
and data on corrosion prevention in underground 
pipeline systems. The papers are bound into a volume 
of some 200 pages and consist of contributions to 
various American technical journals and scientific in- 
stitues. All the authors are consulting engineers or 
specialists associated with municipal undertakings or 
large industrial concerns having a financial stake in 
the prevention of waste by corrosion. Many of the 
authors are concerned with cathodic protection and 
the effectiveness and economics thereof, but all types 
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of protection come under consideration and the first 
volume alone gives a wealth of data which cannot fail 
to be of value to engineers who have practical cor- 
rosion problems to face. 


Recommended Methods of Test for Volume and 
Surface Resistivities of Electrical Insulating Materials 
(1.E.C. Publication No. 93), International Electro- 
technical Commission, 1 rue de Varembé, Geneva. 
Price Sw. Fr. 6. 

This is the first of a series of I.E.C. recommenda- 
tions in preparation giving standardised methods of 
test for the electrical properties of insulating 
materials, Part I gives definitions of the quantities 
measured, general information on the tests and mini- 
mum requirements for the test report. Part II gives 
recommendations for shapes of test specimens and 
electrodes for solid insulating materials, test speci- 
mens and cells for liquid insulating materials, elec- 
trode materials for solid samples, calculation of 
volume and surface resistivities, conditioning, applied 
voltage, mounting specimens and general principles. 
The publication contains seven figures illustrating the 
use of various types of electrodes, and the circuits to 
be used for the measurements described. 


Strom aus Ybbs-Persenbeug (Y bbs-Persenbeug on the 
Line), a report on the working of the great Ybbs- 
Persenbeug power station published on behalf of the 
Oesterreichische Donau Kraftwerke A.G. (Austrian 
Danube Power Plants Ltd.) by Dipl. Ing. Rudolf 
Bohmann, Industrie und Fachverlag, Vienna-Heidel- 
berg, 8 in. by 114 in., 96 pp., 47 ff. Printed on art 
paper. 

Issued privately on the occasion of the inauguration 
of this major Danube project, described in our June 
1956 issue, this symposium of 14 articles deals with 
the various aspects of its planning, setting up and 
working. The scope of all these articles goes far be- 
yond local interest, and we should like to draw special 
attention to the following: “Producing Electric Cur- 
rent from the Energy of Water,” by Director Hann 
Mosbauer, p. 15; “Considerations on the Planning 
of the Danube Development,” by acting-manager 
Dipl. Ing. Dr. Techn. Franz Makovec, p, 22; “Build- 
ing of Structures in Flowing Water and its Problems,” 
by Dipl. Ing. Robert Fenz. p. 44; “Modern Hydraulic 
Steel Structures in the Danube Development.” by 
Dipl. Ing. Werner Roehle, p. 50; “Problems of Uplift 
Control,” by Dip!. Ing. Dr. Techn. Herbert Kiessling. 
p. 56; “Contribution of Traschracks to the General 
Efficiency of Run-of-River Power Plants,” by Dipl. 
Ing. Dr. Tech. Hans Bugl and Ing. Rudolf Kellner, 
p. 67: “Large-Scale Planning and Surveying in con- 
nection with Run-of-River Power Projects.” bv Dipl 
Ing. Walter Lechner, p. 79. Print, as well as line and 
photographic illustrations are of the highest order. 


Industrial Switchgear. Contactor Switchgear Ltd., 
Wolverhampton, have published a brochure, “Twenty- 
One Years of Progress,” to mark the 21st anniversary 
of the foundation of the company. They have special- 
ised in automatic motor-control units, which they 
have installed in thermal, hydro-electric and nuclear 
power stations, waterworks, steelworks, and industrial 
works of many types. 
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Micro Water-Power Plants 
By ING. A. J. HOCHRINNER 


N a report on rural electrification published by 
[the United Nations Economic Council some time 

ago the value of Micro water-power plants, either 
working in isolation or interconnected with a major 
grid system, was given a great deal of emphasis.* This 
report referred to the necessity, on economic grounds, 
of having standardised units as far as possible and in 
this connection called attention to a survey made by 
Electricité de France in which it was found that of 
5,000 cases studied 80°%, could be met by a turbine 
of 12, 40 or 120 hp. 

In the writer’s opinion, based on many years’ ex- 
perience as projecting engineer, the smallness of the 
range of turbines with which this aim could be 
achieved in the opinion of Electricité de France, 
should not be taken as a general rule. It would rather 
apply instead to micro-sets working on a major grid 
system, where economic use of water by the individual 
sets is of minor importance. It is not possible, there- 
fore, unreservedly to apply the conclusions drawn by 
Electricité de France to the report of the United 
Nations Economic Council, as conditions in the under- 
developed countries differ widely from those prevail- 
ing in Central Europe. 


page 243 


* See Warer Power, July 1954 


Experience has shown that hydraulic power is very 
often the only source of energy available to prospec- 
tive users in these countries, which makes it prerequi- 
site that the sets will run throughout the year and 
under widely varying water-supply conditions at the 
highest possible efficiency, even during dry periods. 
Very often, the relatively small amount of water avail- 
able may even necessitate storing it for this purpose, 
with automatic governing of the turbine becoming 
thus an indispensable requirement to ensure an opti- 
mum of economy of water consumption. 

With these facts in mind, Drees & Company 
G.m.b.H., of Werl, Germany, have been for some time 
engaged in the development of a unit which has now 
successfully undergone trials in practical conditions 
for several years. 

The advantages of these units, which are illustrated 
herewith, may be summarised as follows:— 

(1) Necessity of extensive civil works eliminated, 
as the set is self-contained and designed for outdoor 
erection. 

(2) Clear-cut arrangement of the component parts, 
which enables it to be erected by unskilled personnel 
without difficulty. 

(3) An almost negligible amount of attention is 





Fig. 1. Micro generating sets with protective covers 
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required, all the materials used and the wearing parts 
having been designed to this end. 

(4) The generators are self-regulating and give 
either 2-phase or 3-phase constant-voltage current. 

(5) The speed is virtually constant under all load 
variations, thanks to the employment of a hydraulic 
governor and a flywheel. 

(6) The use of a governor leads to maximum 
economy where water storage is available. 

(7) Accuracy of control makes it possible to run 
the set either independently or to synchronise it, where 
applicable, to an existing grid. 

The basic arrangements of these sets, which are 
mainly equipped with vertical-shaft Francis or pro- 
peller turbines, will be understood from the various 
illustrations. The spiral casing, of cast iron, is pro- 
vided with four sturdy bracing struts for fastening 
to two I-section girders fixed to the foundations; there 
are also flanges for the bedplate and turbine cover. 

The distributor is designed for exterior regulation, 
i.e. all movable parts are arranged outside and are 
easily accessible for maintenance. The type of runner 
depends on the specific speed that can be appropri- 
ately applied to obtain the desired speed. Attached 
to the turbine cover is a carbon-gland-ring stuffing 
box, in which the carbon ring does not run directly 
on the surface of the shaft, but on a replaceable pro- 
tecting sleeve of non-oxydising material; this not only 
increases the life of the ring but also facilitates its 
replacement when it is worn out. The lower guide 
bearing is placed immediately above the stuffing box. 

The cast-iron generator frame is of very sturdy 
design and is fixed to the spiral casing in its correct 
position by tapered pins. The turbine shaft runs in two 
antifriction bearings, its middle section accommodat- 
ing the bevel wheel of the governor drive and the fly- 
wheel. At the top end it is connected to the generator 
through a flexible coupling. The bearings are designed 
for 100,000 hours’ service. In co-operation with one 
of the leading ball-bearing manufacturers, an oil- 
lubricated single-row deep-groove ball unit was deve- 
loped for the combined gu‘de and thrust bearing. For 
the lower bearing, a grease-lubricated self-aligning 
ball unit was chosen. To avoid excessive lubrication 
and consequent temperature rises, the bearing is fitted 
with a lubrication control device. 

The draft tube is made of welded steelplate, the 
length being adapted to the individual requirements 
of each case. 

The governor is mounted on the bottom ring and 
is of the oil-circulation type, and has a sensitivity of 
0-15%. A gear pump mounted on the shaft of the 
pendulum supplies the oil pressure, which is delivered 
to either the one or the other side of the servomotor. 
To avoid hunting, the governor is provided with a 
flexible feed-back. Adjusting screws make it possible 
to set the opening and the closing time as desired, 
which, in connection with the flywheel, secures an 
irreproachable control even of sets provided with 
large penstocks. The governor is equipped with a 
manual speed-adjustment device for regulating the 
nominal speed within a range of + 5%; it is also 
provided with a load-limiting device, which controls 
the opening of the distributor, and a disengageable 
hand regulation mechanism. If desired, the set can 
also be equipped with an electrical speed-adjustment 
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Fig. 2. Section through Micro unit 


(1) Roof support; (2) switchboard; (3) door; (4) governor; (5) governor 
shaft; (6) bedplate: “7) spiral casing; (8) wicket gate bearing; (9) wickct 
gate lever; (10) carbon gland-ring stuffing box; 11) wicket gate; (12) 
runner; (13) U-beam: (14) draft tube; 15) draft-side turbine cover; (16) 
drive-side turbine cover; (17) guide-bearing casing: (18) guide bearing; 
(19) grease control; (20) gearbox; 21) bevel wheel; (22) pinion; (23) main 
shaft; (24) frame; (25) flywheel; (26) erection opening; (27) weatherprcof 
casing; (28) thrust-bearing casing; (29) thrust bearing: (30) flexible 
coupling; (31) generator flange; (32) generator 


device for synchronising the set with other plants. 

The governor is driven from the turbine shaft by 
a pair of bevel wheels, which are enclosed in a dust- 
proof casing which also serves as an oil bath, so that 
wear is negligible even under continuous service 
conditions. 
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The mechanical energy produced is transmitted to 
the generator by a flexible coupling, provided with 
damping buffers of rubber. 

The synchronous three-phase alternator is provided 
with a flange by means of which it is fixed to the main 
frame. It is of the self-regulating semi-enclosed drip- 
proof-type, running in antifriction bearings, having 
a voltage accuracy of + 1:5% and a voltage resetting 
time of about 0:2 sec. Normally, the generators are 
laid out for 400/231 V, 50 or 60 cycles per sec., but 
on special request, generators of different design can 
be provided. 

A voltage-adjusting device, which takes care of 
voltage variations due to the varying internal resistan- 
ces of the system occurring at the start, when cold, 
and during continuous operation, is lodged in the 
completely enclosed switchboard, installed in front of 
the generator. The standard-type switchboard, is 
equipped with the following instruments: a voltmeter, 
an ammeter, one four-wire counter, three main fuses, 
one main switch, a switchboard lighting system, two 
lighting system fuses, a lighting system switch, and 
one socket. 

The complete enclosure of the switchboard protects 


it against accidental contacts. In fact, the whole set 
is protected from atmospheric influences by a weather- 
proof casing, of steel plate, with door and lock at the 
front and an erection opening at the back. 

The power produced is transmitted by an overhead 
line connected to the isulator posts on top of the roof 
of the casing. Ventilation of the generator is effected 
by blowing fresh air into the casing. 

To facilitate erection, all structural elements are 
centred and provided with identification marks, so 
that the set can be erected in the field without any 
difficulty. Easy erection is assured as the foundations 
of the set consist merely of two I-iron girders, and 
once these girders have been carefully levelled the set 
can be erected over them without any special know- 
ledge being required. 

The sets are standardised over a very wide range 
of sizes and are intended mainly for small villages, 
farms and minor industries. Many have now been in 
continuous service conditions for several years, and it 
is claimed that they have been particularly free from 
troubles. The object of their development has been 
to close the gap which existed in the smaller hydro- 
electric units of up to 100 kW output. 


Civil-Engineering Slide Chart 


In our March 1957 issue we published an article 
by W. E. Blackmore, A.M.LC.E., A.M.1.W.E., en- 
titled “The Slope-Template Method for some 
Hydraulic Problems.” Mr. Blackmore's flair for sim- 
plifying tedious repetitive calculation work by the use 
of simple mechanical or graphic aids, which was well 
exemplified in that article, has now been applied to 
the construction of a slide-chart for certain civil- 
engineering calculations that do not lend themselves 
to solution by the normal slide-rule. 

Che chart is double sided. The side illustrated here- 
with is devoted to calculations of flow in circular con- 








duits, flow over rectangular weirs and flow over trian- 
gular notches. The conduit scales are based on Man- 
ning’s formula, and cover roughness coefficients rang- 
ing from rough rock to smooth varnished wood. On 
the reverse side are scales for reinforced-concrete 
bending calculations involving such quantities as 
effective depth, bending moments, stresses, and areas 
of tensile and compression steel required. 

The chart is in strong glossy-finished card, and 
measures 104 in. by 5} in. It is marketed by Kosine 
Ltd., 104 High Holborn, London, W.C.1, at 22s. 6d. 
post free, with explanatory leaflet. 
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New Atlas Copco Drills 


For use in driving large tunnels where holes from 
10 to 90 ft. are to be drilled, Atlas Copco have intro- 
duced the BBC22WK rock drill, known as the “Lion,” 
together with a new pusher leg, the BMTSO. This 
equipment is being placed on the market after carry- 





Atlas Copco “Lion” drill in operation 


ing out tests for over a year in five different countries. 
These tests have shown the drill to have low main- 
tenance costs and to be particularly successful on 
abrasive rock. Indeed, the “Lion” drill is claimed to 
be one of the fastest machines of its weight ever 
marketed. It weighs 66 Ib., and the makers state that 
its capacity is 30% greater than that of any other 
machine of the same weight. The normal working air 
pressure is 85 Ib. per sq. in., but by a slight modifica- 
tion the machine can operate at 60 Ib. per sq. in. 
Drilling speed in sandstone is 3 ft. per min., with a 
working pressure of 85 Ib. per sq. in.; at the same 
pressure the average drilling rate in shale is 4—S ft. 
per min., using a 43 mm. bit in both cases. 

The drill is provided with a new type of double- 
opening direct-flow valve which contributes to the 
heavy impact and increased drilling capacity, The 
rotation mechanism incorporates a rifle bar opening 
with four pawls. Standard rotation is on the return 
stroke. 

An important improvement is that the air supply 
to the pusher is fed through the swivel coupling from 
the body of the drill itself. This makes the hose to the 
pusher redundant and has also enabled all controls to 
be centralised at the back of the drill itself. On the 
back head there are two levers. On the right is the 
throttle, which controls, in sequence, the air supply 
to the pusher, the water flush, and the drill striking 
mechanism; when turned vertically it blows out the 
hole for charging. The left-hand lever controls the 
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feed pressure. In the handle of the drill is a grip lever 
which retracts the pusher leg by air pressure. 

With this system only two hoses are required—a 
| in. air hose and a 4 in. water hose; they are arranged 
on the right-hand side of the machine so as not to 
interfere with the normal position 
of the operator on the left. 

The standard “Lion” is sup- 
plied with a rotation chuck for 
41 in. by % in. hexagon collared 
shank. The bore and stroke of the 
machine are 2} in. 

Although intended for use with 
the BMI50 pusher leg, the drill 
can be accommodated to chain 
and screw feed equipment or modi- 
fied to a sinker-type BBC22WH. 
When the “Lion” is used as a 
sinker it is recommended that it 
should be used with a counter 
weight to minimise recoil on the 





operator. 
At the other end of the scale is 
a new lightweight drill, the 


BBDI2WH, known as the “Ter- 
rier.” It is designed for small drill- 
ing operations where economy of 
compressed air is more important 
than drilling speed. It weighs 244 
lb. and uses 46 cu. ft. of air per 
min. at 85 lb. per sq. in. It is 
a water-flushing machine and has 
a new type drill-steel holder with 
a rubber buffer. The standard rotation chuck is for 
} in. by 4} in. shanks, but a {¢ in. by 4} in. chuck 


can be supplied. 


Gouging and Piercing Electrodes 


The English Electric Company has introduced a 
revolutionary type of electrode which is designed for 
cutting grooves, gouging, piercing or removing sur- 
plus metal, and which is equally effective on all steeis, 
cast iron and non-ferrous metals. These electrodes, 
known as “Groovees,” can be used with ordinary a.c. 
or d.c. welding plant without additional equipment 
such as oxygen or air supplies. They leave a clean 
scale-free surface that requires no further preparation 
before rewelding. As the electrodes contain a steel- 
wire core, there is no chance of carbon pick-up. 

For cutting grooves, the “Groovees” electrode is 
held at an angle to the work surface, pointing in the 
direction of travel. After an arc is struck, the elec- 
trode is moved rapidly along the line to be gouged. 
The force of the arc cuts the groove and removes the 
molten metal giving a clean bright finish. For goug- 
ing out defects in castings a series of overlapping 
grooves are cut in alternate directions making it pos- 
sible to remove a defect of considerable depth. When 
piercing holes or removing rivets, the electrode is held 
perpendicular to the workpiece, the arc struck and 
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Switzerland builds 
world’s 
highest dam 


Atlas Copco drills and Sandvik Coromant 
steels drill 50 miles of tunnel 





Mauvoisin and Grande Dixence are the two largest hydro- 
electric projects ever carried out in Switzerland. They are being 
constructed simultaneously and are situated in the same area, 
on the slopes of the Alps in the Canton of Wallis. When com- 
pleted, the Grande Dixence dam will be the highest ever built in 
the world; 931 feet high, with the huge volume of 7.6 million 
cubic yards of concrete. The Mauvoisin dam will be 777 feet 
high, with a volume of 2.6 million cubic yards. The four under- 
ground power houses will have an installed generating capacity 
of 1,200,000 kilowatts—one-third of Switzerland's present 


capacity. 


Atlas Copco drills and Sandvik Coromant steels 
chosen for 75% of all drilling 


On at least three-quarters of all the drilling operations for the 
Mauvoisin and Grande Dixence projects, Atlas Copco light- 
weight rock drills fitted with Sandvik Coromant tungsten- . ; “SSS yes 
carbide-tipped steels are at work. They have already drilled 50 ; ' 

miles of tunnels, more than a third of the distance with a section 
of 240 square feet, and have excavated two underground power 
houses. On the site of the Mauvoisin dam alone, 100 Atlas 
Copco drills were chosen for the massive benching operations. 
A major feature of the Grande Dixence project 
is the Fionnay-Nendaz tunnel. Nine miles long, 
and with a section of 240 square feet, it repre- 
sents the largest volume of rock ever excavated 
in Swiss water power construction.The opera- 
tion is being carried out exclusively with Atlas 
Copco rock drills, fitted with Sandvik Coro- 
mant steels. 


World-wide sales and service 


The Atlas Copco Group puts compressed air 
to work for the world. It is the largest group of 
companies specialising solely in the development and manu- 
facture of compressed air equipment. It embraces Atlas Copco 
companies or agents manufacturing or selling and servicing 
Atlas Copco equipment in ninety countries throughout the 
world. For further details of the equipment featured here, con- 
tact your local Atlas Copco company or agent. If you have 
any difficulty, please write to Atlas Copco (Great Britain) Ltd., 
Beresford Avenue, Wembley or Atlas Copco AB, Stockholm 1. 


SMtlas Copco 


Vanufucturers of 
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held until the metal flows, and then the electrode 
moved into the moiten pool. With manipulation, holes 
up to ? in. diameter can be pierced in plate up to } in. 
thick, and rivets removed from much thicker plate. 
“Groovees” are supplied in two standard sizes, 
10 s.w.g. and 8 s.w.g. 


Argentat Turbine 


Further to the article we published in October 1957 
on the Argentat station of Electricité de France, by 
the courtesy of Charmilles S.A. we are now able to 
reproduce the accompanying photograph of the pit- 
type turbine in course of erection. It will be remem- 
bered that Argentat station, in addition to its normal 
function of generating power for public supply, was 
designed as a test station for axial-flow units of a type 
contemplated for tidal-power stations. To this end a 
bulb-type and a pit-type unit were installed, each of 
19,500 h.p. and each designed to operate, for test pur- 
poses only, as a pump as well as a turbine. 

The pit-type unit, illustrated herewith, was built by 
Société Alsthom with the collaberation of Charmilles 
S.A. The same two firms also collaborated in the con- 
struction of the compensation-water set, which was 
designed to test the performance of a 1:5 speed- 
increasing gear, and, of course, did not need to be 
arranged for operation as a pump. 


Concrete Demolition without 


Explosives 


A new flame-cutting process, known as powder- 
lancing, was recently used on an important concrete 
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The Alsthom/Charmilles turbine at Argentat 


demolition job in the United States. The building be- 
ing demolished was used as a high-speed pit for test- 
ing turbines, the concrete safety walls being 4 ft. thick. 
Before new construction work could get under way, 
some 8,000 cu. ft. (226°9 cu. m.) of concrete had to 





A block of concrete cut out by powder-lancing 
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For hard 3-shift running 


but easy installation! 


PECIALLY DESIGNED TO OPERATE where cooling 
S water is scarce are the Atlas Copco AR-L 
compressors. They are absolutely self-contained, 
with a closed-circuit cooling system. Normally 
they are skidmounted and complete with elec- 
tric motors, but—as in the instance shown above 


—they can be operated by diesel engine. These | 


AR-L compressors are easy to install; no con- 
crete foundations are needed, nor any perman- 
ent water supply. 


Portability plus highest efficiency 


Atlas Copco AR-L compressors combine the advantages of | 


water-cooled machines—high efficiency and low discharge 


air temperature—with those of air-cooled models—easy in- 


stallation and maintenance. They are cooled by a fan-cooled | 


intercooler and a radiator for the cylinder water. The com- 


A set of three AR3-L compressors, skid- 
mounted with diesel drive, being installed at 
one of the mines of the Union Miniére 

du Haut Katanga, in the Belgian Congo. 





plete cooling system is a part of the compressor unit, en- 
tirely self-contained. 
DATA ON AR-L COMPRESSORS 


























Maximum a | Capacity in Power required a 
Twwe | premure | introm | fSe'as “oe | “oe 
ARIL 125 | 730 381 80 2,900 
| 
AR3L/| 125 585 646 130 5,300 








World-wide sales and service 
The Atlas Copco Group puts compressed air to work for 
the world. It is the largest group of companies specialising 
solely in the development and manufacture of compressed 
air equipment. It embraces Atlas Copco companies or 
agents manufacturing or selling and servicing Atlas Copco 
equipment in ninety countries throughout the world. For 
further details contact your local Atlas Copco company or 
| agent, or write to Atlas Copco AB, Stockholm 1, Sweden, or 
Atlas Copco (Great Britain) Limited, Beresford Avenue, 
Wembley, Middlesex. 
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be removed without damaging neighbouring founda- 
tions. The system is called powder-lancing, a mix- 
ture of iron and aluminium powder being fed pneu- 
matically into a lance handle and mixed with oxygen. 
In the flame, the iron powder oxidises rapidly, and 
greatly increases the flame temperature. The lance 
itself is manually operated and consists of a lance 
handle with one or more lengths of black iron pipe 
attached. The powder and oxygen, which are mixed 
in the lance handle, are carried to the cut by the pipe, 
and burn as a high-velocity flame at the end of the 
pipe. Cuts in concrete 12 ft. (3-7 m.) thick have been 
made with the lance, but theoretically there is no 
limit to the depth of cut. 

The testing pit in question was hexagonal in shape 
and consisted of two concrete safety walls separated 


by 6 ft. of packed sand. The inner wall was 3 ft. thick, 
and the outer wall 4 ft. thick. Both walls stood about 
16 ft. high. 

This method of cutting concrete was developed by 
the Union Carbide International Company and cut the 
walls into large sections measuring 20 x 16 ft., weigh- 
ing up to 18 tons. The cutting speed was about 18 in. 
per hour. After each section had been severed, it was 
hoisted out of the pit by a 100-ton bridge crane and 
hauled away. 

This unusual demolition operation took rather more 
than four weeks to complete and consumed the fol- 
lowing materials: Oxweld iron powder, 20,000 Ib. 
(9,072 kg.); aluminium powder, 6,000 Ib. (2,722 kg.); 
black iron pipe, 8,000 ft. (2,438 m.); oxygen, 450,000 
cu. ft. (12,735 cu. m.). 


‘¢Power Vane’’ Compressor in Norway 


In our January 1955 issue we described a new type 
of portable compressor—the “Power Vane”—being 
manufactured by The Consolidated Pneumatic Tool 
Co. Ltd. In this machine the principle of the rotary 
compressor was applied, we believe for the first time, 
to portable units, offering, it is claimed, the advan- 
tages of an air-exit temperature at least 100°F lower 
than that from a corresponding piston-type machine, 
a reduction of weight on the compressor of 30-40%, 
and lower maintenance. 

Consolidated Pneumatic rotary “Power Vane” 
type 120-RO-2 units were chosen by the Sauda Falls 
Power Company, Norway, after extensive trials of 
other two-stage units suitable for operation at heights 
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varying from sea level to 5,000 ft. The compressors 
have been in operation for over one year and, apart 
from a change of rotor blades, have operated con- 
tinuously during that time without the need for extra 
maintenance. The capacity of these compressors has 
been amply demonstrated on road-construction work 
at 3,000 ft. above sea level, where they provided air 
for the simultaneous operation of two breakers. The 
accompanying illustration shows one of these com- 
pressors operating at high altitude near Svartevann 
dam. 

The Sauda Falls Power Company maintain 14 
dams, nine discharge tunnels and four power stations 
spread out over an area of approximately 282 sq. km. 
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Maximum efficiency of 94.1% 


Reflects advanced practices at Newport News 


THE GRAPH shows performance of a 55,000 horse- 
power turbine, one of seven such units built by New- 
port News for the Clark Hill Power Plant (see photo). 

Shape of the curve is typicai... not exceptional... 
for Newport News turbine performance. Regular, 
uniform, showing no-cut-off at full load, it indicates 
consistent delivery and stable operation. 

And especially, experience in design and model 
testing. 

At Newport News, turbine runners are continually 
being designed and redesigned for improvements in 





Engineers ... Desirable positions available at Newport 
News for Designers and Engineers in many categories. 





Address inquiries to Employment Manager. 





performance. And often upon receiving a contract for 
turbines, a model setting is built and complete tests 
made. So far, Newport News has filled turbine con- 
tracts with an aggregate rated output in excess of 
7,000,000 horsepower. 

Penstocks, spiral casings, valves, pumps, rack rakes 
and other essentials are also designed and built by 
Newport News. Our illustrated booklet, “WATER 
POWER EQUIPMENT,” will be sent to you upon 
request, 


Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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Abstracts from the 
World Technical Press 


International watercourses 

Following general considerations on the importance 
of international watercourses from the aspect of 
power development, and on the legal regulations 
governing the granting of concessions, the author re- 
views briefly the twelve existing power schemes now 
jointly operated by Switzerland with German or 
French co-operation, the respective shares of the two 
countries involved varying from plant to plant. In- 
formation is also given on the nine projects now under 
investigation and planned as further international 
ventures with the participation of Italy, France, Ger- 
many or Austria. An account of the procedure gener- 
ally applied and of the agreements arrived at for the 
granting of concessions as well as for the construc- 
tion of international projects, outlines some of the ex- 
perience gathered by Switzerland in this respect, 
especially with a view to applying it to the solution of 
similar problems in other countries. Joint ventures 
now in operation total an installed capacity of 700 
MW and a yearly output of almost 4,600 million 
kWh, the Swiss share being about 50%. With the 
future addition of the international schemes now 
under consideration, these figures would increase by 
about 1,700 kW and 4,800 million kWh respectively. 
(Dipl. Ing. G. A. Téndury, Wasser- und Energiewirt- 
schaft, Vol. 49, No. 12, December 1957, p. 320, 14 
pp., 9 ff.) 


The Roselend Project 

The carrying into effect of this difficult scheme has 
been made possible by the advance achieved in recent 
years in dam construction technique. The backbone 
of the project is a reservoir of about 7,000 million cu. 
ft. capacity. created by a dam about 500 ft. high. 
Diverted from the course of the Beaufortain valley, 
already supplied to saturation point and regulated by 
the La Girotte reservoir, the waters of the Roselend 
reservoir will be conveyed directly to the Is¢re River 
through a pressure conduit connecting with the La 
Bathie penstock, with a head aggregating 3,900 ft. 
Additional water supplies are ensured upstream of 
the Roselend reservoir by a long conduit which will 
collect the waters of the right-bank tributaries of the 
Upper Isre from above Bourg-St. Maurice up the St. 
Claude torrent, and downstream by the St. Guérin 
reservoir which will collect the waters of the Ormente 
and of its tributaries. The shape of the natural dyke 
closing the Roselend bowl confronted the planners 
with an awkward problem, since the most advantage- 
ous water level of ‘the reservoir was about 5,000 ft. 
above sea level. A gravity concrete dam was ruled 
out, as its volume and cost would have been pro- 
hibitive; on the other hand, the erection of an un- 
interrupted multiple-dome or buttress dam would 
have met with almost insuperable difficulties because 
of the deep gorge of the torrent which crosses the 
bowl. The problem was solved by M. Coyne and his 
team of engineers by adopting the uncommon design 
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of a 760 m. long buttress dam running across the 
whole width of the valley, the buttresses across the 
gorge resting on an inclined arch dam. The final de- 
sign was selected after numerous model tests carried 
out in part by the EDF’s Study and Research Service 
and in part by M. Coyne. The underground surge 
tank inserted between the supply tunnel and the pen- 
stock will have a total height of 180 m., and its well 
will be 10 m. in diameter in the shorter bottom sec- 
tion, and 7:5 m. in the longer upper shaft. The under- 
ground power house in the vicinity of the village of 
La Bathie will contain six vertical generating units 
driven by Pelton wheels at 428 r.p.m., with a maxi- 
mum capacity of 476,000 kW. Of these six units, four 
will be connected to 400 kV, and the other two to 
220 kV transformers. Scanty details are given of the 
layout of the power house, but the mention that it will 
consist of several halls and that the valve chamber 
will be parallel to the machine hall and 20 m. away 
from it gives a rough idea of the extent of the excava- 
tion work required. Upon completion, the Roselend 
project is expected to have an annual output of almost 
1,000 million kWh, most of it at winter peak periods. 
Construction work has been in progress since 1956. 
(A. Janod, Travaux, Vol. XII, No. 10, October 1957, 
p. 291, 8 pp., 8 ff.) 


Sweden 

This is a general survey of the production and con- 
sumption of electric energy in Sweden. Taking the 
year 1949 as a basis (index 100), annual overall pro- 
duction has increased from 16,043 to 26,631 million 
kWh in 1956 (index 166); 90% of this output is 
provided by hydro-electric plants. Hydro-electric 
plants completed in 1956 have increased turbine 
capacity by 370,000 kW to 5,166,000 kW, and pro- 
jects now in course of construction total 1,650,000 
kW. (Bulletin de [Association Suisse des Elec- 
triciens, Vol. 48, No. 21, October 10, 1957, pp. 
946/947.) 


Turkish Developments 

Reporting on a week-long tour of Turkish dam 
sites, the author stresses the energy Turkey is now 
applying to the expansion of its production of electric 
power, priority being given to hydro developments 
In addition to the two dams completed in 1956 giving 
a yearly production of 680 million kWh, three further 
dams still under construction, Hirfanli, Demirképru 
and Kemer. will aggregate 736 million kWh. By the 
end of 1959, the total production of these first five 
plants will have reached 1,416 million kWh p.a., thus 
almost doubling the country’s present output, both 
hydro and thermal. A short description of these dams 
is given. Kemer dam, a concrete gravity structure on 
the Menderes River south-east of Izmir (Smyrna), 
will rise to a height of 360 ft., thus becoming the 
highest dam in Turkey; it will still contain a volume 
of 930,000 cu. yards of concrete. and its main con- 
structional feature is the use of precast elements for 
all the necessary formwork. Its stepped downstream 
face consists of precast panels. and galleries and 
openings in the dam are also formed by precast ele- 
ments. Hirfanli dam (described in our January 1957 
issue), slightly south-east of Ankara, on the Kizilir- 
mak, is a 270 ft. high rockfill dam 2:6 million cu. 
yards in volume. Its site, a steep-sided gorge with 
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good-quality foundation rock, would have been ideal 
for a concrete structure, but reasons of economy 
dictated the choice of rockfill; as securing cement 
for a concrete structure would have been diffi- 
cult and costly, whereas suitable fill material was 
made available on the spot by the 2.5 million cu. ft. 
of rock excavation required by the 360 ft. wide and 
1,650 ft. long spillway cut. The third dam now in 
progress, Demirk6pru, presents unusual features and 
is probably the sole example of a 250 ft. high earth 
dam built on spongy lava, Its site is in a gneiss-walled 
valley on the Gediz River, 110 miles above its mouth 
at the Mediterranean port of Izmir. Its impervious 
fill is founded as far as possible, on an exposed area 
of gneiss, and then, when the basalt could no longer 
be avoided, the fill was supplemented by an additional 
65 ft. thick impervious blanket which was extended 
far enough upstream to make contact with a tight 
layer of blue clay covering the basalt slightly above 
the dam. The central dam section of random fill is 
founded directly on the basalt, the porous nature of 
which is no disadvantage at this spot. Another in- 
teresting characteristic of the Demirk6pru scheme is 
the locating of the power plant some 9,000 ft. below 
the dam in the bed of the river, the stream itself being 
permanently diverted by cofferdam into another 
natural channel on the other side of a ridge. The dis- 
advantage of this location was that a 7.000 ft. tunnel 
had to be driven through hard abrasive basalt. which 
took a heavy toll on construction equipment. Besides 
large-scale irrigation and flood control, Demirk6pru, 
by far the most interesting of Turkey’s current hydro 
schemes, will have an annual energy output of 195 
million kWh from three 23 MW generators driven 
by Francis turbines. Further dam projects are under 
investigation. among which is Keban,. on the 
Euphrates River (the Firat of Turkish maps). which 
the Turks hope to start first. Keban dam, a concrete 
gravity structure 490 ft. high from the river bed and 
2-7 million cu. yards in vclume, is to have a power 
plant equipped with ten 100 MW generating units 
capable of adding 4.200 million kWh to Turkey’s 
annual output. (Waldo G. Bowman, Editor, Engin- 
eering News-Record, Vol. 159, No. 14, October 1957, 
p 34, 9 pp., 13 ff.) 


Underground Pressure Conduits and 
Power Houses 

This is a special study of the geological conditions 
affecting the design and construction of pressure con- 
duits and power houses underground. The safe design 
of pressure conduits requires above all the impermea- 
bility of the rocks or the material surrounding the tun- 
nel, as well as the means to withstand the pressure 
brought about by an unbalanced head on the water 
flowing through the conduit. Since the above condi- 
tions and a high hydraulic efficiency can never be 
achieved without the tunnel being provided with 
some type of lining, the considerable pressure exerted 
on the outside of the lining by ground water when 
the tunnel happens to be empty, must also be taken 
into account. Geological investigations, tunnelling in 
soft ground and in rock, and the factors determining 
drillability, overbreak and popping, are reviewed and 
discussed in separate sections. Instances of tunnelling 
through typical rock formations are also dealt with 
and short paragraphs are devoted to the excavating of 
1958 
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underground power houses and to tunnel hazards. 
(B. S. Sathya Narayanswami, Indian Journal of Power 
and River Valley Development, Vol. VII, No. 8, 
August 1957, p. 2, 10 pp., 7 ff.) 


Columbia Basin Development 

The report recently released by the U.S. Corps. of 
Engineers on this great hydro-electric scheme is re- 
viewed and discussed. Full co-operation and partici- 
pation of both the U.S. and Canada has for years met 
one stumbling block in the form of Canada’s proposed 
Mica Creek project. As matters stood, Canada was 
planning to tackle this project in its own way, which 
includes diverting part of Columbia River water to 
the Thomson-Frazer river system in Canada, a 
feature to which the U.S. objects strenuously. Another 
subject of controversy between the two countries is 
Libby dam in the U.S., which, if built as planned, 
would back up water into Canada. To inhibit this 
would be tantamount to restricting the utilisation of 
the site’s potential. The report, which contains a 
compilation of new multi-purpose storage projects at 
four different levels, the first three excluding 
Canadian projects, underlines the necessity for a 
favourable agreement between the two countries. 
(Engineering News-Record, Vol. 159, No. 15, October 
17, 1957, pp. 72/73, 1 f.) 


The Novosibirsk Project 

This plant, now in course of construction, lies on 
the Ob River about 20 km. upstream of the town of 
Novosibirsk—the old Novonikolaievsk of the Tsars— 
and constitutes the fourth and last stage of the Upper 
Ob Development. The hydrologic characteristics 
are:—catchment area, 227,000 sq. km.; mean annual 
flow, 21-7 million cumecs; maximum head 19°6 m., 
minimum head 11-6 m.; mean rate of discharge, 1,640 
cumecs, with a minimum of 215 cumecs; assessed 
maximum flood discharge, 15,900 cumecs; gross 
capacity of head pond, 8,800 million cu. m.; useful 
pondage on a 5 m. drawdown, 4,400 cu. m.; surface 
area of head pond at normal head water, 1,070 sq. 
km. The rated capacity of the generating plant is 
400,000 kW, and the mean annual output has been 
assessed at 1,787 million kWh. The general layout is 
basically similar to that of other major low-head 
schemes built across the great rivers of European 
Russia. At Kuibyshev the power house and the spill- 
way dam are separated by a long earthfill dam, but 
the Novosibirsk power station power station and the 
spillway dam form a single block inserted between a 
relatively short dam (318 m.) on the left bank and the 
main earth dam which extends 4,096 m. across the 
river bed, the navigation locks and their approach 
and tail canals being sited on the right bank. The 
power-house block consists of seven bays, 25 m. in 
width, each housing a 57,500 kW vertical set. driven 
by an 8 m. dia. Kaplan turbine of the adjustable blade 
type. Judging from the sectional plans and elevation 
included in the article, the power house appears to be 
designed on very much the same lines as the Donzére- 
Mondragon generating station. The submerged parts 
of the block are built to act as an auxiliary flood dis- 
charge. Each bay has three outlet channels with an 
aggregate discharge capacity of 611 cumecs; at 
periods during which floods reach the assessed maxi- 
mum, the turbines and all the outlet channels can pass 


159 





6,700 cumecs., i.e., 42% of the total flood discharge 
(15,900 cumecs). The intake piers, which form a solid 
whole with the power-house block, are fitted with two 
sets of vertical grooves for the trashracks and emer- 
gency gates, and support a closed passage which is 
adjacent to the machine hall. Two travelling gate- 
service cranes are provided, having lifting capacities 
of 150/30 and 150/20 tons. The spillway face is of the 
Ogee type to prevent the formation of a vacuum be- 
neath the overflow nappe. The spillway dam itself 
consists of eight waterways, 20 m. wide and 10°5 m. 
high, and controlled by twin gates designed for a head 
of 9 m. and separated by 4 m. wide piers. These gates 
are protected upstream by wheel gates. The service of 
all these gates is ensured by two 150-ton gantry 
cranes of the enclosed type, which can be operated 
either singly or coupled. There are two baffle piers on 
the downstream apron. The main earthfill dam, 4,096 
m. long at the crest, has its upstream slope protected 
by a reinforced-concrete facing from 0-5 to 0-3 m. 
thick. The extensive navigation facilities, which in- 
clude a basin 130 x 420 m., protected by a breakwater 
and a dyke, a 400 m. approach canal, a three-chamber 
lock and a 5.4 km. long tail canal are described in 
detail. (A. V. Yegorov, Gidrotechnitsheskoe Ctro’- 
telstvo, Moscow, Vol. 26, No. 12, December 1957, 
p. 3, 7 pp., 6 ff.) 


Excavating Through a “ Needle’s Eye ” 

The job described in this article has no connection 
whatsoever with any hydro scheme, but involves an 
excavation technique which, under suitable condi- 
tions and circumstances, might easily be applied to 
underground power houses, tunnels and_ similar 
excavation work. The operation now in progress 
at the Bayway Refinery will provide the Esso con- 
cern with its first mined caverns for the storage of 
liquefied petroleum gas. No less than 140,000 cu. 
yards of rock are being removed through a 300 ft. 
deep vertical shaft only 42 in. in diameter. All the 
excavating material is removed from this narrow 
shaft, and all of the men, materials, and equipment 
are also taken down it. The equipment even in- 
cludes tractors, which are dismantled into pieces 
small enough to pass through the shaft, and re- 
assembled in the cavern for moving spoil from the 
headings to the base of the shaft. (Engineering News- 
Record, Vol. 160, No. 4, January 23, 1958, p. 36. 
3 pp., 5 ff.) 


Cellular-type Desilter 

This article describes the cellular sand-trap inserted 
in the intake of the Trift torrent, one of the three new 
intakes set up to collect the waters from the Trift, 
Stein and Gadmen glaciers during the melting season, 
and divert them to the Innertkirchen plant. The sand- 
trap consists of a cellular assembly fitted at the down- 
stream end of a covered desilting chamber 6 m. wide, 
50 m. long and 13 m. high. The floor of the chamber 
has a slope of 75% at the upstream end, 10% in the 
middle, and 45% at the downstream end. The sand- 
trap assembly proper consists of five sets of parallel 
plates forming cells which vary in length between 4 
and 13:4 m. and slope downward from the down- 
stream to their upstream end so as to enable sus- 
pended particles to slide freely towards the lower end 
of the cells. The plates, made of a light-weight 
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aluminium-magnesium alloy, are 0-6 m. apart, except 
for the three shortest cells at the top which are 0-45 
m. wide. In cross section, the assembly presents a 
dentated pattern similar to a ridge-roof set between 
two lean-to roofs. The whole assembly rests on two 
vertical frames, made of hollow elements, which lead 
the trapped sand to the collecting pit at the bottom of 
the chamber. Tests carried out with the help of plexi- 
glass models, through which the flow was easily 
observed, enabled the desilter to be improved and 
brought to its present degree of efficiency. The silt- 
laden flow is forced to pass through the narrow cells 
of the apparatus and is thus divided into relatively 
thin layers, and suspended particles of sand or gravel 
are easily trapped. Since the Trift intake has been fit- 
ted with this cellular desilter, it has been established 
that the proportion of 0-1 mm. sand eliminated has 
increased from less than 18% to 72%. With the latest 
improvements, the efficiency of one single cellular de- 
silter is the same at that of three or four parallel 
sand-traps of conventional design. Another marked 
advantage of the cellular desilter is that a large part 
of the trapped silt can be evacuated at the cost of a 
water consumption less than 1% of the discharge 
involved. An account of the discussion which followed 
the reading of this paper is appended. (P. Gariel, 
Sogreah, Grenoble. Mémoires et Travaux de la 
Société Hydrotechnique- de France, published as a 
special issue of La Houille Blanche, Vol. 12, No. B., 
October 1957, p. 619, 8 pp., 4 ff.) 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


Appointment Vacant 
ASSISTANT EDITOR 


The proprietors of WATER POWER invite applications for 
a post as ASSISTANT EDITOR of this journal. Preference 
will be given to a qualified engineer, aged about 30, with 
hydro-electric experience and with an aptitude for technical 
writing. Applications should be addressed to The Editor, 
WaTER Power, 33 Tothill Street, Westminster, S.W.1. 


Engineering Supplies 
FLANGES (Welding), Standard or Special; Fabricated 


pipes, bends, etc.; Chimneys, flues; Hoppers, profile cutting. 
Send us your enquiries. Pipe Fabricators (Stamford) Ltd.. 


Easton-on-the-Hill, Stamford, Lincs. Telephone: Stamford 
3464 
BALL AND ROLLER BEARINGS, etc., Wanted! Also 


surplus goods—especially hand tools—of all descriptions. 
For Sale: Metal boxes of strong and sturdy gauge and con- 
struction with handles, in all sizes. Ask for details.—R. 
Pordes, 138, New Cavendish Street, London, W.1. MUSeum 
5250. 





CAPITAL 


Financing Hydro Electric, Atomic, Diesel or Transmission 
Lines, East or West. Public, private, new projects, expan- 
sion, for betterment of your community. Retired utility 
owner, industrial builder, experienced organisation financ- 
ing. Write air mail type plant desired. population. Peter J. 
Minck, 1461, Ashland Avenue, Columbus 12, Ohio, U.S.A. 
Phone Ax 9-1126 
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DOMINION KAPLAN TURBINES 
FOR BEECHWOOD 


One of the 45,000 H.P. hydraulic turbine runners being lowered into 
position at the New Brunswick Electric Power Commission Beechwood 


power station on the St. John River. 
Delegates to the World Power Conference 
Sectional Meeting, Sept. 1958 in Montreal, 
are welcome to visit our plant. 


DOMINION ENGINEERING 


COMPANY LIMITED, Montreal, Canada 


WATER POWER April 1958 59 





















































Hand Operated OVERHEAD 
TRAVELLING CRANES 


MECHANICAL Even in these days of power driven machines there is 
HANDLING still a substantial demand by Engineers for hand powered 
cranes for engine rooms, pumping plants, stores and 





warehouses. 


This demand is met very adequately by the installation 
of VAUGHAN single or double girder hand cranes in 
which speed and ease of manipulation with a minimum 





first cost is most important. 


OVERHEAD CRANES - HOIST BLOCKS - TELPHERS - RUNWAYS 
THE VAUGHAN CRANE COMPANY LIMITED 
Manchester 12 - England Telephone : EASt 2771 


VALVES & PENSTOCKS 


ELECTRICALLY OPERATED 
WITH 


HARTLEY ‘‘VALECTRIC” 
HEADSTOCKS 


LOCAL OR REMOTE CONTROL 


ALL SIZES UP TO 100 SQUARE FT. 
CIRCULAR OR RECTANGULAR 

















ORDERS FROM 


CEA and LCC 


AMONGST OTHERS 








HARTLEYS (3!) LTD. essere: 


Operated bya 


ENGINEERS - STOKE ON TRENT “VALSCTRIC” HEADSTOCK 


Please write for our pamphlet PS. 
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IN THE MANAGER’S OFFICE... . 


.. . Production is planned, decisions are made 


rHE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather . . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 


to help solve these problems. 


ON THE MANAGER'S DESK .. . 


* MINE AND QUARRY ENGINEERING ”” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 


When he buys new plant and equipment 





its advertisement pages exert a continuous influence 


and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET - LONDON - S.W.1. Telephone: WH Itehall 9233 


mining and 
quarrying 
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In the past few years 
we have manufactured and 
erected pipe-lines and 

tunnel reinforcements for the 
following hydraulic schemes: 
Moyopampa (Peru) 


Calancasca (Switzerland) 
Kaftoun (Lybanon) The following are 
Chatelot (Switzerland) still in execution: 
Patla (Mexico) Vissoie (Switzerland) 
Cavergno (Maggia, Switzerland) Kiymbi (Belgian Congo) 
Zongo (Belgian Congo) Pontirone (Switzerland) 
Safien (Switzerland) Géschenen (Switzerland) 


mT 
UT 


eek 
my} 


ee 


BUSS LTD. BASLE? SWITZERLAND 
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It will pay you to 
ANDERSON DERRICK CRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 


Lifting Capacities : 2 to I5 tons 
Jib Lengths: 80 to 130 ft. 


from the people who give best service 





7 ton Electric Derrick Crane x 120 fe. Jib. 


THE A.C. PLANT & HIRE Co. Ltd. 
TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 


Sole Agents for England, Wales & Ireland: Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RlVerside 8922/3/4/5 
Tel.: Carnoustie 2214/5 


Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. 








Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 


WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions 
PRESSURE RECORDERS, ETc. 

backed by over 20 years’ experience in this specialised field. 

can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
$52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
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Power 
im transit 


The wires of the grid system 
cover the country from Lands End 
to John o’ Groats bringing to 
towns and villages power 

and lighting in the 


most economical way. 


ne » (2 
| 
4) 


UL 
\ 


Anacos Copper Strand for 
overhead power transmission is 


made to British Standards in 






hard drawn Copper and 
Cadmium-Copper. 


| copper strand 


FREDERICK SMITH & COMPANY 


Manufacturers of **‘ Anacos*’ Copper and Copper Alloy Conductors 











ANACONDA WORKS SALFORD 3 - LANCS. 
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Racks and 
Rack Cleaning Machines 


for 


HYDRO-ELECTRIC POWER PLANTS 
WATER PURIFICATION PLANTS 


PUMPING STATIONS 


ENGINEERING WORKS 


JONNERET S.A. 


GENEVA (JUNCTION) SWITZERLAND 
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MGRE POWER 


at Kemano 


A repeat order 

for an alternator for 

the Kitimat project of 
the Aluminum Company 
of Canada has recently 
been completed. 

This machine is rated 

at 114,000 kVA with 

an overload rating 

of 132,000 kVA. 


The photograph shows 
a section of the stator 
of the second machine 
ready for packing 

in the works. 


GLISH ELECT 


hydro-electric equipment 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


Hydro-electric Department, Netherton, Bootie, 10 
WORKS: STAFFORD . PRESTON RUGBY ‘ BRADFORD . LIVERPOOL . ACCRINGTON 
HE.20C8 








